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N 9 tors in the civilian setting. -
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MILITARY CURRICULLMNMERIALS

The ml:.tary—developed curr:.culum materials in this course
package ‘were selected by the National Cenfer for Research-i
Vocational «Education Military Curriculum Project for diss

‘ination to. the six regional Curriculum Coordination Centers and

other instructional materials agencies. The jurpose of
disseminating the®® courses was to make curridulum materials.
developed by the military more accessible to i '

The course naterials were acquired, evaluated ¥y project
staff and practitiocners in the field, and prepared for ,
dissemination. Materials which were specific to the military - ,
were deleted, copyrighted materials were either amitted or appro-.
val for their use was obtained. These course packdges contain
curriculum resource materials which can be adaptéd to Support

vocationdl instruction and curriculum developmernt. <
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The National Center for Research’ in ‘
Vocational Education’s mission is to increase
. the ability of diverse agencies, institutions,
-, and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The National
Center fulfills its mission by:’

-

 Generating knowledge through ;esefgh

e Developing educational programs and
products

e Evaluating individual program needs
and outcomes

e Installing educational programs and
products

e Operating in formatioﬁ’systems and

services . ©
P t4

¢ Conducting leadership development and

training programs

_ FOR FURTHER INFORMATION ABOUT
" Military Curriculum Materials
WRITE OR CALL
Program Information Office
The National Center for Research in Vocational
Education . ’
The Ohio State University
1960 Kenny Road, Cglumbus, Ohio 43210
Telephone: 614/486-3656 or Toll Free 800/

AY

848-4815 within the continental U.S. ~™~¢

{except-Ohio) ;
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’ Course Description- ' ' ’ - , . \‘.
" This course is designedto train students to assist mrdlologlsts and pulmonary phys|olog|sts in examining, evaluating, diagnosing, and treating cardio- .
pulmonary diseases an‘d,' injuries. Students are taught to perform a wide range of diagnostic and therapeutic procedures, such)as administering®lectro-
J cardiograms, phonocardlograms vectorcardiograms, ‘stress tests, and blood gas analysis. Anatomy, physiology, mbdical terminology, care of cardiovascular
disorders, and inhalation, therapy are among the major areas of study. This course requires basic math skills, and background in biology and cheimistry.
1t was designed as a specialty course for students with basic medical laboratory training and experience, however it does present refresher material and
contains several programmed texts on math sKills. This colirse is diwided into three blocks cantaining 98 hours of instruction. :

Block 1 - Cardiology contains eleven lessons covering 118 hours of instruction. Printed materials |nc|ude nine study gulde/workbooks eight
2 programmed texts, and two handouts Lesson topics and hours follow: * .
Cardiovascular Anatomy and Physiology {7 hours classroom, 2 hours laboratory) .
Cardiovagcular Diseases {14 hours classroom, 4 hours laboratory) o » :
Basic Physics and Electronics (6 hours classroom, 2 hours laboratory) . ) N
Electrocardiography | (3 hours classroom) ¢
Electrocardiography !l {10 hours.classroom, 4 hours Iaboratory) . .
Cardiac Drugs {8 hours classroom, 4 hours laboratory) ) T
Cardiac Vectors (6 hours classroom) v ' 2
Phonocardiography and Heart Sounds (4 hours classroom) “ . ) - ‘
Arrhythmia interpretatior (22 hours classroom, 10 hours laboratory) . .
Treatment of Arrhythmlas*(?hours classroom 2 hours laboratory) . : .
Cardiac Cathetenzatnon {1 haur classroom) . ,'
\
i Block' 1 - Palmonary Medicine contains eleven lessons covering 106 fiours of instruction. Printed ma‘tenals include seven study guldes/workbooks,
eight programmed texts, and one handaut.
3 g L .
. = Respiratory Anatomy ané Physiology {14 hoprs classroom, 4 hours laboratory) oo ' . -
* Respiratory Disorders {9 hours classroom, 4 hours laboratory) ’
Respiratory Drugs (3 htfurs classroom, 2 hours laboratory) » ro - 4
<\, Gas Laws {7 hours classroom, 2 hours laboratory) . : . . .
Slide Rules and Nomograms (4 hours classroom) - . P ' )
Spirometer {2 hours classroom) _ - )
Acnd Base Balance | (10 hours ¢lassroom, 4 hours Iaboratory) , ' ‘
Pulmonary Function Studies (12 hours classroom, 4 hougs laboratory) .
« Acid Base Balance Il {10 hours classroom, 4 hour¢ laboratory)} :
BJood Gas Studies {7 hours classroom, 2 hours laboratory) .
Postural Drainage (2 hours classro m) '

v

Block 111 - <#troduction. to Respiratory Therapy contains fifteen lessons covenng 74 hours of instruction. Pnnted materials consist of lesson plans
a+ and references only Iy

r
|
l
B

‘ ‘ : - Block III is not énc]uded in this document.
lntroductlon to Respiratory Therapy (1 hour classroom) LK

Safe Use of Medical Gases (3 hours classroom, 2 hours laboratory) o . ¢
R4 Humidification and Aerosol Therapy {3+hours classroom) ! ) - :
lntermlttent Positive PresstJre‘ Breathing (1PPB) (5 hours classroom; 2 hours laboratory) :
Pediatric Ventilation (1 hour classroom)
Indlmtlons for the Use of Oxygen (2 hours of classroom, 2 hours laborato?y)
Oxyaeh. Equlpment {3 hours cIassroofn) . . .
Management of the Comatese Patient {1 hour classroom) .
Respirators | (9 hours classroom, 4 hours Iab0ratory) ? > b5
Intubation {2 hours classrocom),
Respirators i1 (8 hours classroom, 4 hours laboratory? .
Post Operative Complications {2 hours classrqom) ) ¢
Sterilization of Equipment (4 hours classroom, 2 Hours laboratory) o ’
Prolonged Artifical Ventilation (4 hours classroorh, 2 hours laboratory) - ) ]
Respirator Malntena'hce {8 hdurs classroom) - . .
This course contains both teacher and stutjent materials. Printed lnstructor materials consist of a course chart; a Speciaity Training Stand rd; and a plan of
instruction detailing the units of instruction, criterion objectives, duration of the lesson, and support materials needed. The student mfatefials provided are

study guldQS/workbpoks, handouts, and programmed texts. Some of the programmed texts were deleted because they contained copyrlghtbd materials.
Several commerclal texts are recommended for use with this course, these are not provided in this package. .

.

Various audiovisuals alds are aiso recommended for this course but they are not provided. The audlowsuals consist of slides, transparencxes, tllmstrlps
with tapes or cassettes, and sound tapes,

.2
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) COURSE CHART

NUMBER PDS CODE . DATE N .
. 3ALR91630 _PIY 23 January ‘9757,
f‘OURSE TITLE ’ . : - ¥ s .
, Card1opu1monary Laboratory Specialist ) .
ATC OPR AND APPROVAL DATE N CENTER OPR_ SUPERSEDES COURSE CHART
SGHE, 17 February 1972 Sheppard/SHCS/MSOXC 3ALR91630, 23 April. 1975
DEPARTMENT OPR - . APPLICAGQ.E TRAINING STANDARD
- Department’ of Medicine - - STS- 916X0,- 19 February 1975 J
LOCATIDN OF TRAINING CDURS: SE?UROTY CLASSIFICATION )
Sheppard AFB Texas 76311 UNCLASSIFIED :
INSTRUCTIONAL DESIGN I;:?FDTNROEFAgg‘AGINGI eoLEITLEERVAETLU:gR PREP.
Group/Lock Step , ' o 11,2
LENGTH OF TRAINING v .0 N . Hours
. (e Weeks, Doys) . ] j
Technical Trammg ‘ J . 312
.Classroom/Labpratory (C/L) ’ . 247 -
Complementary Technical Training (CTT) : g ‘ 72 .
Related Jiaining » : N } . 8
Local Conditions Course, Course II (AFR 50 24) 2 /
Commander's Calls/Briefings - 4
1 End of Course Appointments; Predeparture Saﬁety ' X
Br1ef1ng (ATCR 127-1) 4 \ : L 2
Total P S ‘320
~ . ] ' ¢ N v B DR
- * ’ a 4 ' .
REMARKS “
Applicable’ safety 1s integrated throughout the'course. ,
Effective date: 3 March 1976 with class 760303 ’
8

TABLE | - MAJOR ITEMS OF EQUIPMENT

Model 1500 Hewlett- Packard E]ectrocardiographs .
Collins Spiromete '
Bird Mark 7 Respirators

Arrhythmia Resusci-Anne

Segmental Lung ModeTs ¥

Heart Models

EKG Tables .

Bird Regulators

Bird Mark 8 Respirator _
Patiént Monitoring System >
Mobile Cardiac Resuscitation System’ -
Ultrasonic Nebulizers .

Endotracheal Intubation Man1k1n

Bennett Respirators

L4

“ATC

FORM
oEC 74 449

REPLACES 'PREVIDUS. EDITIONS AND ATC FORM 4498, NOV 72 '

" : - ) ~‘.
. 4
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e —————— ‘ e _
" COURSE CHART - TABLE Il - TRAINING CONTENT = 3ALR91630

“treining (RT).

Exalude time spent on Individusl essistence (remedial instructien). A single entry of time shewn for @ unit is C/L time.

.NOTE: includa time spent o tachnicel training (TT) (clessroom/Ioboratory (C/L) and complementary tochnics! training (CTT))end releted o

" When s deuble

entry is shown, the ontry is CTT time.

N L 2L-' 31 . 41 "s| » 61 Ty

e

Welcome and Orientation (2 hrs); Cardiovascular Anatomy

' (10/4 hrs); Cardiac Drugs (8/4 hrs); Cardiac Vectors
(6 hrs); Phonocardiography and Heart Sounds (4 hrs);

Course Material - UNCLASSIFIED ¢ 124 Hours TT| 2 Hours RT
BLOCK.T - Cardiology - - e , .

and Physiology (7/2 hrs); Cardiovascular Diseases
(1474 hrs); Basic Physics and Electronivs (672 hrs);
Electrocardiography I (3 hrs); Electrocardiography II

- e m m w

Arrhythmia Interpretation (22/10 hrs); Treatment of Arrhy-
thmias (9/2 hrs); Cardiac Catheterization (1 hr); '

“|Measurement Test and Test Critique (4 hrs) = )

.. [}
96 Hours C/Ls

28 Hours CTT

- | s
6(4.8/5)

Course Material - UNCLASSIFIED 110 Hours TT|{ 2 Hours RT
BLOCK IT - Pulmonary Medicine N S

Respiratory.Anatomy and Physiology (14/4 hrs);
Respiratory. Disordefs (9/4 hrs); Respiratory Drugs

(3/2 hrs); Gas Laws (7/2 hrs); Slide Rules and Nomograms
(4 hrs); Spirometer (2 hrs); Acid Base Balance I

Acid Base Balance II (1074 hrs); Blood Gas Studies -

1(7/2 hrs); Postural Drainage (2,hrs)} Measurement Test

and Test Critique (4 hrs)
" | 84 Hours C/b

]
]
[}
]
+-1(10/4 hrs); Pulmonary Function Studies (12/4 hrs)s v 26 Hours CTT
l .
(
]

N

6(.2/5)

00~

. |BLOCK TIT - Introduction to Respiratory

Introduction to Resbirato?y Therapy (1 hr}; Safe Use of

Course Material - UNCLASSIFIED \ 78 Hours TTi..

=

Therapy . «

Medical Gases (3/2 hrs); Humidification and Aerosol
Therapy (3 hrs); Intermittent Positive Pressure Breath-
ing (IPPB) (5/2 hrs); Pediatric Ventilation (1 hr);.
Indications for the Use of Oxygen (2/2 hrs); Oxygen
Equipment (3 hrs); Management of the Comatose Patient
(1Lhr);,R§;pirators I (9/4 hrs); Intubation (2 hrs);
Respirators 11 (8/4 hrs); Post Operative Complications

@ e e e e em, e e an ow

18 Hours CTT

(2 hrs); Sterilization-gf Equipment (4/2 hrs); Pro-
longed Artif§cial Ventilation (4/2 hrs); Respirator :
Maintenance (8 hrs); Measurement Test and Test Critique 4 Hours R™
(3 hrs); Course Critique and Graduation (1 hr) . -

60 Hours C/L

i
‘
Ty

o FORM
ATC APR 73

449A - PMEVIOUS EDITION OBSOLETE.
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1 ~ CARDIOPULMONARY LABORATORY SRECIALIST
: ~ AND -
CARDIOPULMONARY LABORATORY TECHNICIAN ‘
~ .

1. Purpose of this Specia;gxﬁIraining;Stend:rd (STS). As prescribed in AFR 8-13, this STS:

a. States in column 1 of attachment 1 the tasks, knowledges, and study references (SR) neces-
sary for airmen to perform duties in the Cardiopulmonary Laboratory ladder of the Airman Medical
Career Field. These are based on Specialty Descriptions effective 1 March 1970 in AFM 39-1. '

b. Indicates in columns 2A and 4A of attachment 1 fhe minimum proficiency recommended for
each task or knowledge for qualification at the 3 and 7 skill levels of AFSCs. AFM 50-23 i{s the
authority to change the proficiency level during JPG development when the local requirement is
different from the skill level shown in this STS. X

‘ c. Shows in column 2A of attachment 1 the proficiency attained in Courses 3ALR91630 {PDS Code
P1V) and 5AL091630~1 (PDS Code P1W) described in AFM 50-5. Proficiency code for the minimum
proficiency recommended for the 3 skill level AFSC and the proficiency attained in the courses
are the same except when dual codes are entered. When dual codes are entered the second code shows
the proficiencv attained in the courses. The task knowledze la#vels in column 2A of paragraph 8 are
attained in course 3ALR91630 while the task performance levels are attained in course 5AL091630-1. ) L

d. Provides basis for supervisors to plan and conduct indiwvidual OJT programs.

e. Provides a convenient record of on-the—job trlining completed when inserted in AF Form h23,
- On-The-Job Training Record,” and maintained in accordance with AFM 50-23,

f. Defines the knowledge requiremen:s covered by Specillty Knowledge Tests in the Weighted
Airman Promotion System.

2. Proficiency Code Key. Attachment 1 contains the Proficiency Code Key used to show proficiency
"level, : '

3. Career Development Channel of OJT. Personnel training to AFSC 91A70 will obtain knowledge
training by using applicable study references listed in this STS and fulfill management training
requirements specified in AFM 50-23. (See ECI Catalog and Guide, chapter 3, paragraph 3-5 for
current CDC identification number for ordering purposSes.) i

4. Study Guidance for Weighted Airman Promotion System (WAPS). -Specialty Knowledge Tests (SKTs)
for promotion to E~5 are based on 5 skill level knowledge requirements. SKIs for promotion to '
E~6 and E-7 are based on 7 skill level knowledge requirements. SKT questions are based primarily
on Career Development Courses (CDCs). However, some questions may be drawn from other references
listed in this Specialty Training Standard., The CDCs for SKT study are maintained in the WAPS
Study Reference Library. Other references listed should be available in the work area. Individual
responsipilities are outlined in AFM 35-8, chapter 19, paragraph 19-3-

5. Recommendations. Report :okATc/SG unsatisfactory performance of individual graduates or
inadecuacies of this STS. Refer to specific paragraphs of this STS. See AFR 50-33,

. BY ORDER OF THE SECRETARY OF THE AIR FORCE
OFFICIAL DAVID C. JONES, General, USAF
Chief of Staff
JACK R. BENSON, Colonel, USAF 1 Attachment
Director of Administration’ - : Qunlitative Requirements

Supersedes STS 916Xn, 21 Julv 1972, and Chlnge 1, .20 March 1974,
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STS 916X0
THIS BLOCK IS FOR IDENTIFICATION PURPOSES ONLY ) T
v TRAINEE ' ’
NAME - - INFTIALS (1n Writing) GRADE .
ORGANIZATION ' '
T W
IMMEDIATE SUP ERVISOR'S NAME AND INITIALS (In Wnung) a
‘ Nt N/t
v \ .
Nt . : NA (‘%&

R QUALITATIVE REQUIREMENTS .
o : v ' PROFICIENCY CODE KEY ’
vetoe | DEFINITION: The Individuol - .
\ ) Con do simple ports of the task. ﬁceds to be told or shown how to do most of the tosk.
N " "1 {EXTREMELY LIMITED)
g - 2 Con do mast parts of the tosk. Needs help only on hordest ports. Moy not meet lacal demonds for
% 22 speed or occuracy. (PARTIALLY PROFICIENT)
b g E‘ : Can do all parts of the task. Needs only @ spat check of 3smpleted work. Meets minimum lacol’
w 3 demonds for speed ond accurocy. (COMPETENT) )
Con do the complete task quickly ond accurotely. Can tell ot show others how to do the task.
| 4 | (HIGHLY PROFICIENT)
; ) o tan nome ports;, tools, and simple facts about the task. (NOMENCLATURE)
e .
- W
x § 5 1 b Con determine step by step proceauycs for daing the task. {(PROCEDURES) e
< 3 =
- § E‘ Con exploin why and when the tosk must be done ond why each step is needed.
£ - (OPERATING PRINCIPLES) o /
d Con predict, identify, ond resalve problems about the task. (COMPLETE THEORY)
A Con identify basic focts ond terms obout the subject. (FACTS)
\ ] - w -
; é 4 B Con explain relotionship of bosic facts and stote general principies obout the subject.(PRINCIPLES} i s
o a Y . C— ' : - -
2=
72 o C—| Con analyze focts ond principies and drow conclusions obout the subject. (ANALYSIS)
* X
o] Con evoluate conditions ond moke proper decisions obout the subject. (EVALUATION)
~ EXPLANATIONS - '
* A tosk knowledgc scale volue moy be used olone or with o task performonce scale volue to define.o level of
knowledge for o specific task. (Exomples: b ond 1b)
** A subject knowledge scale volue is used olane to define o level of knowledge for o subnqt not directly reloted to
ony specific task, or for o subject common to several tasks.
~ This mark is used olone instead of o scale value ta shaw that na proficiency training is provided in the course,
or thot no prohcxency is required of this skill level. - °
. X This mork is used olone in course columns to shaw that training is not given due ta limitatians in resaurces.
2 Attochment 1
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. , STS_916X0
. l ) PROFICIENCY LEVEL, PROGRESS RECORO AND CERTIFICATION
N 3 Skil) Lovel 3. 5 Skill Leval P 7 Skili'Lavel
TASKS, KNOWLEDGES 4 o N 4 . €. A . ¢
“ . leted § - Ds Date Camplotead
ANO STUDY REFERENCES AFSC/Ces %.J'; oa.."rg:::":“ "AFSC »Do';; 0:' 'rf:u::u AFSC/Cra oIt T Treinas's
1 . Sterred | Suservisers | Sterted | Superviser's Stasted: Suparvisev's
' Initial s Initiala . Iniftele

Nu‘l'l’ l: Users may annotate lists o! SKsJto idenfify cyrrent refefences pendihg STS revﬁaibn.

NOTE 2: The 3 skill level proficiency fqr items|of thjs STS markpd with an asterisk (* is attained ghrougn
field experience and in prerequisite AFFC 902%30. No additional traiping is prgvided Courdes
3ALR91630 and 5AL091630-1. ‘ : - [

! 1. DISASTER PREPAREDNESS MEDICAL CARE .
'AND FIRST AID PROCEDURES
SR: AMMs 160-12 (chap 1), 160-34 (cHap 5 agd 9), |160~37
a. Manage shotk ‘ d *2b . 3
b. Maintain effective respiration *2b . 3c
c. Control hemorrhage *2b k]
d. Perform emergency treatment
of wounds : *2b 3c
- e. Manage fractures, butns, and . : B
. injuries from chemical agents *2b - 3c
f. Perform methods of hand and ’ T
itter carries : *2b S . 3c .
g. Load and unload vehicles A N
tilized for transportation of " .
atients ’ *2b { 3c -
h. Maintain military sanitation *a «2b s
. . |
* 2. AIRMAN CARDIOPULMONARY LABORATORY . 2|
CAREER SPECIALTY g o
gg:f AFM 39-1; AFVA 39-1 8
a. | Progression in cateer ladder E A
(\ ' 916X0 ' B . c 2 5
- - | .
b. Duties of AFSs 91630/70 B . ‘ c =1 . PREL
- »
3. COMMUNICATIONS SECURITY . L
- (TRANSMISSION SECURITY) N .
SR: AFRs 205-1, 205-7 ) .
a. Identify infqrmatioh as -
classified, unclassified, or . .
of possible intelligence value *2b 3c
b. Identify official information .
- as Top Secret; Secret, Confi- )
dential, or For Official Use
Only . h *2b 3c
c¢. Select,and recommend mode of
| transmission dictated by ’
i security and expediency . d )
| required- . . *2b k13
d.| Observe security precautions
involved in communications *2b 3¢
: ’ 3 Attachment 1 -
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STS 916X0

PROFICIENCY LEVEL, PROGRESS RECORD AND CERTIFICATION

3 Skill Level 3, " §'Skill Level 4 7 skill Levet
TASKS, KNOWLEDGES . * < e s < 4 ” ¢
g . Comploted De o ampieted
AND STUDY REFERENCES rscrcen | Oy (P comtmn | | S [Prvsmnm farsces | O | i Tramens
1 Sterred Supetvisers Sterted Suparvisar's Sterred Suparviser's
i Initiels ’ Initisl s Inlttess
4, CARDIOPULMONARY LABORATORY SAFETY
SR: AFM 127-101
< .
a. Hospital safety practices
(1) Handle and care for .
patient *2b 3¢
. (2) Operat‘e equipment 2b- h 3c o
(3) Maintain personal safety . |
] stahdards . ‘ *2c 3c
b. Plan and direct the section - g ’
safety program including the
establishment and maintenance
of sanitary standards for safe:
housekeeping *2b - 3
5. CARDIOPULMONARY LABORATORY , v
PUBLICATIONS
SR: AFM 168~4 (para 1-12); AFR 5-31
a. Maintain publication files *2b 3b
b. Locate and interpret information . :
related to care of patient and
to management of personnel ‘DJ *2b 3c
c. Recomménd changes in publicatian
"including local medical policies | *2b 3c
6. CARDIOPULMONARY LABORATOR
MATERIEL N . 3
‘ R ' - - ‘S
SR: AFMs 57-1, 167-1; AFR 67-10 3
. a
a. Use supply catalogs *2b a c &
b. Issue and turn-in supplies and - - 2
équipment ’ *2b 3c 5
c. Property responsibility *B c g
d. Clean and maintain diagnostic al-
and therapeutic equipment 2b/b 3c
e. Establish and maintain proceduresi
. for storing, inventorying, and ,
inspecting property items *2b Je
£f. Perform duties of a property
custodian *2b . 3c
7. SUPERVISION AND TRAINING
a. Supervision
(1) Evaluate performance of -
subordinate personnel *2b 3c
SR: AFMs 39-1 (atch 52, vol [I), 39462; AFR 39-6

Q
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STS 916X0

o

PROFICIENCY L EVEL, PROGRESS RECORD AND CERTIFICATION

2. 3 Skill Lovel .

3.

$ Skill Lovel
* :

4 .

7 Skill Levei

TASKS, KNOW.EDGES l‘

AND STUDY REFERENCES

—

APSC/Crs

Dete

o

4

Dete Complored
& Treines's ’
Superviser’' s

tnivids

A |8

AFSC

I3

Dete
T
Sterted

.

c
Dste Complored
& Trelnee's
Supetviser's

inivieln

. A

AFSC/Crs.

Dete
T

‘c
Dete Completed
& Trained's

intnale

7a(2)

3)

< (4)

(5)

6)

)

@)

69)

(2)

3)

®

] 7
Plan and schedule work
assignments and priorities

SR: AFM 50-20 (unit 2 and 3p; AFR 3

Prepare correspondence, +
reports, and records
SR: AFM 10-1

Establish work methods, con-|
trols, and performance
standards

SR: AFM 50-20 (unit 2 and 3)
Recommend policy changes on
utilization of personnel
and equipment

SR: AFMs 26-1, 26-2a
—_—

Resolve technical problems
encountered by subordinates

SR: AFR 39-6

Counsel personnel and
resolve individual problems

SR: APM 39-12; AFRs 35-32, B9-6, 39

Supervise the use of °
cherppeutic equipment

. Training .

Orient newly assigned
personnel on standard
operating procedures

sR: AFMs 39-1, 50-20 (unit 4|

Recommend personnel for
training ’

SR: AFMs 39-1, 50-5, 50-20 (

Plan and conduct OJT
programs and refresher
training ’

“

SR: AFMs 39-1, 50-20 (unit 4p, 50-63

Maintain dJT'recqrds

SR: AFM 50-23

*2b

*2b
*2b

*2b
*2b
*la
n/ﬁ;

*2b

D, 50-23

la

jmit 4),
*2b

*2b

30

50-23; AFRs 39-4

B9-4,

, 50-9

| 3e

|

3c

3c

3c

3c

3c

3c

1O ADVAICEDR COURSL

3c

3c

3c

3c

.4'

_EK
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. N ) STS 916X0
v . PRQFJCIENCY LEVEL, PROGRESS RECORD AND CERTIFICATION, = ) ) (
‘ 2 "3 Skill-Lavel 3. S Skifl Lavel - 4. 7 Skilt Level _ '
A * D:n D c:.l vl ! o:' D c.: leted * D‘:o} D; c.c fated
p . ate o L
AND STUDY REFERENCES APSC/Cra | OJT | & Treimews | AFsc| o2 % Traines's |AFSC/Crs| OUT- | & Traimev's
1. Sterred Suporviser s : Sterred Superviser's Sterted ‘Suparviser's
Initiels Inittels, . o initials
8. CARE OF PATIENT WITH SPECIFIC NEEDS S
AND PROBLENS .
NOTE: The task knowledge leve\ls\in col‘;mn 24 of thiS paragragh arg attaihed in céunse' 3ALRB1630 while the
task performance levels are attained in counse 5AL0916 rg’-l'
. . : ’ v . .
SR: AFMs 160-36, 168-4; Medical Dic onary; [Dalé Dubin, Rapid Intdrpretafion of EKGs, Covey Publiphing
Company, 1970; Michael C. Ritotd, Diagngstic Hlectrocardjograghy, J.|B. Lippindott Company, 1369;
Ross C. Kory, A Primer of Cardige Cathegerizatlion, Chidrl¢s C. |Thomas{Company, 65; Arghur C.| Suyton,
Functions of the Human Bady, Sauynders 1974; N.f Balfour S}onim] Cardippulmonary Laboratbry Baslic
Methods and Calculations, Charlds C. Thqmas, }972; Donald F. Bagan, Fundamentalls of In.'ralat:in
Therapy, C. V. Moshy, #969; Lawgence E.|Meltzqr, Intensiye Cojonary fare - A Manual for Nursep,
R, J. Brady, 1970 ~ ) .
a, Care of cardiovascular disorders
. ¢S gefinit:ion of common terms B c
(2) Related anatomy and
physiology c c .
(3) Make and. report
v ‘observdtions 2b 3c
(4) Conmon forms of heart N ,
digease c c .
U (5) Nyrsing care of patient . ’
(a) Identify problems R
. and needs ¢ =i,
1 Physical i 2b 3e & <
2 Personal, cultural ' e 8
and social . 26 | Je 4
—— 3
5]
3 Emotional 2b 4 3¢ g
- =
, 4 Rehabilitation 2b . 3c 2
/ (b) Perform nursing care ) . .8
: to meet needs 2b ; . 3c ©
) (6) "Assist with or perform .
> -diagnostic therapeutic , 2 g
v : and special procedures .
) (a) Cardiac . . .
ca_t:hecerizat:izﬁ/ la ' 2, > 3c
'(b) Treadmill 2y 1) . < 3
. ) v .
{c) ‘Master's two step 2b o L3
. (d) Recognition of
. abnormalities in \
electrocardiographic .
tracings 2b ) 3c
(e) Interpretation of -
warning/lethal :
arrhythmias 2 el. ¢ 3c .
v -
) " (£) Chest grid 2c 3c. .
A7) Emergency procedures in
cardiac arrest
(a) Operate emergency /
. equipment \ E
1 Pacemaker . 2b 3c’.
L 6. . - Attachment 1 -
: a
' Q 4 )
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STS 916X0

PROFICIENCY L E\TEL, PROGRESSEECORD ANO CERTIFICATION

. 5 Sill Level "

— g
7 Skill Level

y N L 3 Shill Level 3. &
' TASKS, KNOWLEDGES T T N € s |« . ' ¢
AND STUDY REFERENCES S PR B T R Syl (PO B B b arsg/en " oF ] T e
' o Stored | Supervimrs Sterted | Syperviser's Srerted Supervivers
’ -, : initiel ' . o Initiels IniWels
) 8a(7) (a)2 Defibrillat?r . : ZW N . 3c
¢’ . . [V
3 Emergency cart 2b 3c *
(b) Set up special ; v
monitor . / % 3c
(c) Assist phvsicians A
during emergency 2b 3c
(d) Prepare pacemaker/defi4 . - -
brillator/electrodes 2b - 3c -
(e) Defibrillate in an .,
emergency A . 2b 3c
(f) Perform closed H , .
3 .cardiac massage ,6_ 2b . it - 3c
(g) Perform mouth~to= j : ) !
mouth breathing an F -
ambu breathing 2b . 3c -
(8) Perform specialized 5 ’ .
\ procedures by operating’ . - . ©
(a) Electrocardiograph’ 2b - A 3c
(b) Phonocardiograph 2b Ao 3c ‘
(c¢) Yectorcardiograph Zb\\?* 3c*
(d) Multichannel : } M
recorder 2b - 3 2
. (e)‘ Pressure 2
transducers 1a 3 ©
(£) Multicrack tape al -
recorder 2b N o 3c %
(g) Polaroid-camera 2b . k3 k3 g -
(h) Cardiac telemetry { S, ]
. system 2b ) o 3c =
(1) zﬁrdi‘ac multichannel {
cope 2b Lo 3¢~ .
(9) Cardiac drugs . -
! .(a) Safety factors in y o
giving medications B . c
(b) Expected actions, . N
complications, and
contraindications B - C
(1) oOther
S (a) Perform calculations »
on data collected 2b. 3c
{b) Perform related i N
* darkroom:procedures &a ) y 2b
. (c) Use automatic
. . processors. for cine P
X-ray and tracings la 2b
. . (d) Basic physics and ° & ‘
. electronics pertaining
' to heart actions B s
(e) Cut, mount, and ‘
‘ process cardiograms 2b, \C 3c
b. Care of pulmonary disorders \
: (1) Dpefinition of common
) terms - B ' c
7 ; Attachment 1
. s
| b
- . [
. S 20 |
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- . ! ' . STS _916X0 o

'S ) . i . , _ PROFICIENCY L EVEL, PROGRESS RECORD AND CERTIFICATION R
S » . 1Y [« A 3 'Skill Lavel ’ 3. $ Skill Level 4 7 Skitl Lavel
. c A s | c | A ] c A ] c -
TASKS, KNOH.EDiES - ; .
Date | Dete Complored Dt Dete Complated Date Dete Comploted
. + AND STUDY REFERBCES AFsC/Cis | OUT | & Transes | AFsC| OOT | & Teenew's |aFSC/Craf OIF | & Trsines's
I ’ Sterted Superyisars Sterred Supervisar’s Sterted Suparvisags
* Iniiads Initiel 8 : M initiely

8b(2) Related anatomy and ‘
physiology B - e c —

(3) Coummon pulmonary =
diseases . . B o c ;
(4) Make and report ' ’ , TRy
observations 2b . - 3¢ ]

(5) Nursing care of-patients
(a) Identify problems :

and needs ' . . 7
1 Physical A 2b . U5 3
.. . 2 Personal, cultural,} * ?
.0 . and social 2b g 4 3c
. 2 Emotiomad | | 2 - : : 3 ~
) mey, - . .
s . 4 Rehabilitatjonal 2b S ' 3c
(b) Perform nursing . 1= / P
. - - care to meet needs 2b ] ' 3¢ .
(6) Diagnostic, therapeutic ) . ‘ ,
and special procedures N ) - ‘ .
- - <
k (a), Perform tests and. ' .
oo calculations ' * :
1’ Tidal volume 2b < 3
7]
. 2 Vital capacity 2b : ’ * 3c8 :
3 ,Timed vital : ) e
. .capacity . - 2b ~ . 3cn v
4 "Maximum expiratory _ . ! .y
flow rate ~ - 2b i . 3%
5 Mid-maximal . | ' 3
. - expiratory flow 2b 3c ¢
6 Max breathing | ; 2 .
v% capacity/maximum - ) ot B ~,
Y voluntary ) -
ventilatiorr .2b e, .1 * '
7 Walking - ’ ) : .
ventilation 2b . 3c

8 Residual volume 2b 3c
9 Helium wash-in 2b e, : 3c A i
10 Nitrogen wash-out \Zb . 3ec
11 Single breath
diffusion capacity )
carbon monoxide 2b- . : 3c
Lo 12 Steady state -
- diffusion capacity | - . { - ) .
~ carbon monoxide 2b | . 3c
13 Arterial
punctures S 2b » N : 3c ,
14 Blood gas o :
analysis t 26 | ' 3c

< ' ‘s : Attachment 1
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) / STS 916X0
! PROFICIENCY LEVEL, PROGRESS RECORD AND CERTIFICATION o
\Q{ — -
) 2. 3 Skiil Level ’ 3. 5 Skill Level 1 & 7 Skill Level -
% " TASKS, KNOWLEDGES \ ' o < ‘ . c ] s ¢
. - . lered De Dete Complored
AND STUDY REFERENCES Taescree] 3 - [PenCommimed] e | O3 [O0nSmt™ Larscran | O |5 roumers
) i Supervisers Sterted | Sepervisers ]| Steeved Supetviser's
i Initiel s Anintel s Tnittels
8b(6) (S) Operaée equipment
.1 Ppd%, PCOS and 7|
PH meters 2b . 3¢
2 Electronic bloo v ‘
gas oximeters 2b ¥ kJ
e 3 Scholandér 2b 3c
. 4 Barometer (mercury Q
and aneroid) 2b 3¢
5 Pulmotester/
pulmoanalyzer 2b t 3e
& 6 Calculator, slide
rule, and nomogra 2b x 3c
- " 71 Steady,state
,;E " diffusion apparatusf 2b 3e
. 8 Single breath )
. o diffusion apparatus ,2b @ 3¢
9 Nitrogen meter 2b C3e .
- ,: 10 Tissot ; 2b , 3c
\ - 11 9/10/13.5 liter . w
. « . - spirometers 2b Jew
42 Oxygen and carbon _g
. dioxide analyzers 2b 3¢ ©
&y ‘e. Respiratory therapy - g
, " (inhalation therapy) 5 Sl
: (1) Operate oxygen therapys E :
. equipment : : B 2 N
. (a) Tent ‘ 2b 3c -
. (b) Mask (oral, nasal ' . =
venturi) 2b . 3c 4
(e) Catheter, ) .
- cannula ° . 2b \ 5 3c
: (d) ‘Hood, face tent . 2b o0 3c
1{2) Operate intermittent
positive pressure (IPPB)
breathing apparatus .
(a) Pressure cycled .
B réspirators 2B <t 3¢
(b) Volume cycled 5 :
. apparatus ’ 2b o 3¢
 (¢) Hot and cold , ! .
humidifiers 2b 3c
(d) Aerosol generators 2b 3c
" (e) Nebulizers
1l Hot 2b 3c
! "2 cod . 2 3 i
l\ -
- ‘:3 £ d ,
9 ki Attachment 1
« ‘.
22 :
. Q .
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PRDFICIENCY LEVEL, PROGRESS RECORD AND CERTIFICATION

af .bronchial hygiene

. 2. 3 kil Level 3. 5Skill Level - 7 kil Level
A s | ¢ A s ¢ A s c
TASKS, KNOWLEDGES 4 : ' .
: . [} leted  De Dete Compiatad
AND STUDY REFERENCES AESC/Crs Ourr [ O lamsiniedl arsc | DT {"hresineas . |AFSC/Ca) OT | & Tesimews
1. . L 4 Sterted Supatviser's - Stasted, | Supervisars Started Superviser's
s : initials ] Initiels  ° inittels
7 T g .
8c(3) "Exercise safety - v
precautions with use of A
medical gases 2b A e 3c
(4) Operate medical o
regulators®ahd flowmeters 2b o ) \ 3e
"(5) Operate compressors. 2b " jic//
(6) Sterilize equipment +| *
. v (a) Heat : 2b : 3¢
N \ -
= (b). Cald . 2b o 3c
a
&
- (e) Gas < ! b 3e [
(7) Perform preventive \ :
- ' maintenance on equipment 2b . e
. a- (8) Administer respiratory
o therapy drugs - -
(a) Safety factors in
_ glving medications . A . \ 3c,
- (b) Expected actions,
' complications, and \ « .
contraindications ) 7]
1 Bronchodilators | 2b . 3§
. . . ’ < '
2 Mucolyties 2b e
L } 3 Isotonic 8
‘ . = solutions 2b 32
) ﬁ (9) Perform intubation E |
: procedures - !
(a) Indicatioms la : 2
(b) Side effects ta L 2b '
: (¢) Procedure la’ - 2b
(10) Perform sputum induction -
(a) Acid fast
bacillus 2b 3e
. (b) Fungi 2 l ‘ -3e
' N
‘(e) Cytology 2b . 3e ¢
. \
(11) Teach patient principles : :
2b » 9 3e

~ERIC
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DEPARTMENT OF THE AIR FORCE, - . . PLAN OFVINSTRUCFION 3ALR91630 -
School of Health Care Sciences, USAF I (PDS Code P1V)
Sneppard Air Force”/Base, Texas - 763]]/,_ . 23 April 1975

\A - FOREWORD _

.1. PURPOSE. Thws plan of instruction présc#gbes the qualitative require-
ments for Course Number 3JALR91630, Cardiopulmonary Laboratory Specialist,

1n terms of criterion objectives presented by units/modules o instruction,

~and shows duration, correlation with the training‘standard, support materials

-

and instructional guidance. - It was developed under the provisions of ATCR

- 50-5, Instructional System Development, and ATCR 52-7, Plans of Instruction.
. . 1 ae e ' - .

2. COURSE DESCRIPTION. .This 8~week course provides lateral training
necessary to qualify sélected airmen and NCOs in -the 902X0 career specialty
“for assignment as .a Cardiopulmonary Laboratory Specialist to perform duties
in the Cardiopulmonary Ladder of the Airman Medical Career Field as out-
lined in AFM 39-1. It includes training to provijgvassistance to cérdiglg;Q
gists and pulmonary physiologists in examination, ®valuation, diagnosing;
and treating cardiopulmonary diseases and injuries by performing a broad
spectrum of diagnostic and therapeutic procedures such as administering
electrocardiograms, phonocardiograms, vectorcardiograms, stress tests, -
defibrillation techniques, pulmonary function studies, intermittent positive
pressure breathing, blood gas analysis, cardiac catheterization, and operation

° @and maintenance-of diagnostic equipment. Major areas of study are agtomy,

physiology, medical terminology, care of cardiovascular disorders, care of
pulmonary disorders, inhalation therapy, and related diagnostic processes and
.equipment. This course is Phase I of a two-phase trainingﬂapogram; Course
5AL091630-1 (Phase I1), provides 20 weeks of hospital training. In - o
addition, related training consists of a Local Conditions Course, Commander's.
Ca]]/?riefings, End of Course Appointments and a Traffic §afety Predeparture
Briefing. a R Y .

3. EQUIPMENT ALLOWANCE AND AUTHORIZATION. Training equipment required to .
conduct this course and for which accountability must be maintained, is
found in the Medical and Non-Medical In-Use Equipment and is listed under
custody account number 28553H.- » ) )

-NOTE:.'Group size is,shownfin parehtheses.after ’equipment 1isqu in
column 3 of nuqbered pages of this POI. v

4, MULTIPLE INSTRUCTOR'REQUIREMENTS. Units of instruction which require
more than one instructor per instructional group are identified in the

multipte instructot annex to this POI.
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. adapting this materiali'for inclusidn in the "Trial Implementation of .a .
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and Technical Education.' Deleted material involves extensive use of

8 military forms, procedures, systems, etc. and was fot considered q’ppro'priate' -
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’
. V*a - ] .
- AY * -
* B ' . ‘o ~
. 4
/ «
N /
. - ¢
» i 9
« B ' 'S » - ';r
q‘- ,I
1 - T
5 ey "
B
. v
o
< . . M .
¢ -
. - . .3 .
[ R o ’ l t \
o i
. - R \
N ) \
4 L Y
B . - LY
= ot . ~ 1
V4 . |
v/ ) - \
/ PRI
1 | 6
v : . '
: O ‘ i . ¢
ERIC ’ N

»

1




‘ ~ PLAN OF INSTRUCTION (Continusd), -
umrs oF rn’smucnjon.aup cRITERION QBIECTIVES .zﬁt‘ﬂ%ﬁ;gﬂ' 3 . ,- S | _sue‘PonruAteniALs Anoommnce .
2. ;Cardiovascuiar'Anatomy'and Physi Togz . i%?a) : cOlumn 1 Rbference ' STS'Referencev SO v
- . ' 2a : , . ' » 822y 0 o L
- Describe the flow of blood and topical | 2b o »j” < ga(l ;'8a§2! Ty
N anatomy through the. circulatory system, - (4) - +o . ST L K
N 1 Instructional Materfals '
' R Compare the hemodynamic and electrical _ | Psychological Consultants, Inc., Human Physiology A Programmed Text
“conduction prlnciples of the cardiovascular » (3) Dubin, Rapid Interpretation of ERG§*
systen , S .
1 _ fs - .Audio Visual Alds - L ,
I s N A ‘ . - .ardiac Anatomy and Physiology Set U o SR
M : s S SR R Sli?gg a?d)Tape. Physiolegy of the Heart, by Research Medical Company
o ~ : v S . - min
Fiimstrip and Tape,- The cardiovascular System, by Brady (50 min) ‘
| Training Equipment -~ . :
A A '»>Heart ﬁga ﬁ'(g; '

.. N ‘ S R L Tratnin Methods d
S R Le_ctm%imonﬁhrs)

‘| Qutside Assignments (2 hrs)

o e o o || Instructional Environlent/Desi n "
' o S Co ' assroom rs o -
Home Study (2 hrs)
I , . PR, : 3.Group/Lock Step o : , A
NI E , : e N o Instructional Guidance R “b ’ '
: T : S - o ‘| Use slides and heart models to illu§trate key points.
e e e ..ot . |Use one heart model per tws students.
3: Cardiovascular Diseases =~ 118 "Column 1 Reference . = ST Reference Sl :
e | (1474) | 3, 3,3k 8a(3), Ba(4], 8a(5)(a)1, 8a(5)(a)2, 8a(5)(a)3,
. a. Déscribe the clinical features and i T E : b.’gass (a)a; 8a(5);b - T |
treatment of common cardiovascular diseases, | - (4) | 3d - e 8a(3), 8a(4g. 83 5)(a)], 8a(5)(a)2, 8a(5)(a)3,
: . I T "~ Ba(s){a) a(By{b N _
Al b, Describe the sggns, symptoms. and treat— 4y - 3 - i - - 8a(e){T), sa(8Y(a S '
| ment of congenital heart defects o S TR I
Punosmswucnazs-nca 3ALR91630 o © | OATE: g g Aek WS . I‘_aLocx No. [ o - _'~'_l’:bAGE.NQ“ 7 T




PLAN OF lNSTRUCTION (Conhnued)

| UMITS OF InsTAUCTION AnD * 5 TERION ORJECTIVES. 2”}{:‘0‘:},;2,“ . SUPPORT MATERIALS AND GUIDANCE
: Explain the signs, symptoms, and treat— - {2) Instructional iiaterials ’ ,
ment of acute myocardial infarction. o B : -Introduction to Cardiovascuiar Disease

o oo se 3ALR91630- -3a§2), ‘Rheumatic Fever and Rheumatic Heart Disease ‘

-d.. Describe the clinical features and (3) | 6 3ALR91630-1-3a(3), Arteriosclerosis arid Arteriosclerotic Heart Disease 1

treatment of circulatory failure disorders. | SG 3ALR91630-1-3a(4), Forms of Heart Disease (Miscellaneous ) 1
: : ' | SG 3ALR91630-1<3b,-Congenital Cardiovascular Disease - -
e. Describe the electrical hazards involved (1) -

with intensive coronary care.

System
~ | bubin,"Ra id Inter retation of EK s
| Audio Visual Atds

“ROCOM F1i1

ROCOM Filmstrips: -

No. 2
© Mo, 3«

ROCOM Learners Norkbook, Intgnsive Coronarx Care Huitimedia Learning :

ovascular Disorder Set -
mss.
- No, l - Concepts of Intensive Coronary Care su min)
No.'2 ~ The Heart: Acute Myocardial Infarction (12 min). :
No. 7 - Congestive Heart Failure and Cardiogenic Shock (24 min)
"~ No, 6 ~ The Patient Not in Acute Distress - Ad\\ission. Care and
Discharge (25 a\in) : _

es, La

No. 1 - The Clinical Picture of Acute Myocardial Infarci:ion Part I,
The History (11 min)
- The Clinical. Pi ;ure of Acute iiyocardiai Infavction - Part 2,

The Physical Examinatfon (6 1/2
< The Clinical Picture of cute Hyocardiai Infarction - Part 3,
- The Hospital and Convalescent Phase (7 1/2 min) .
No. 4 - The Clfnical Picture of Acute Myocardial Infarction - Part 4,

The Post-t alescent Phase {6 1/4 min) .
No. 13 - Treaiment of Left Ventricular Heart Failure (8 1/4 min)

- No. 14~ The Use of Digitalis (6 min)
"+ No. 15 - Monitoring Central Venous Pressure...Technique.‘.‘i'heory (7min)
- No. 19 - Signs of Cardiogenic Shock (6 min) - : :
No. 20 - Treatment of Cardiogenic Shock (8 3/4 min) ' N
~ No. 21 - Metabolic Acidosiso?9 3/4 min)
-~ No. 23 - Less Common Complication Following Acute Hyocardiai infarction

{9 374 min)
No. 29 - The Diagnosis of Myocardial Infarction,.
-~ Enzyme Studies (13 1/4 min)

Electrocardiography. ve
No. 31 « ‘Electrical Mazards in the ccu (15 3/4 min)

PLAN OF INSTRUCTION NO. -
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PLAN OF INSTRUCTION (Continved ) o .

UNITS OF INSTRUCTION AND CRITERION OBJECTIVES

DURATION

RS
Z(HOU ) ‘

Kl

SUPPORT MATERIALS AND GUIDANCE
3 . - _

| ROCOM Audictape:

Audio Visual Aids {Continued) ' o
No. 4 - The Heart: ‘ Acute Myocardial Infarction (10 min)

Tréinin E‘ui ent !
Heart Moﬁe? 'Eg)

Trainin 'Methods )
[ectureaﬁisCUssion (4 hrs)

Outside Assignments (4 hrs)

Instructional- Environment Design
assroom rs
Home -Study (4 hrs R

Group/Lock Step

' Instructional Guidance

ave students prepare case presentation of a cardiovascular disorder,
excluding those presented by the instructor as outside assignment. Cases
will include etiology, signs, symptoms, treatment, and prognesis. Cases
will be discussed at the end of Block I for 2 hours after additional
information concerning cardiac drugs and arrythmias has been furnished.

4. Basic Physics and Electronics .8 Column 1 Reference + STS Reference
‘ (6/2) a, 4b, 4c a(8y(aJ, 8a 8){b). 8a(8)(c), 8a(8)(d),
a. . Describe molecular structure and tasic aang{e;, 8a(8)(f), 8a(8)(g), 8a(8)(h),
atomic theory. . (2) - 8a(8) (1
b. Analyze the relationship between current!. Instructional Materials _ :
resistance, and voltage as described in Ohm's (2) SW 3ALR91630-1-4a(1), Basic Atomic Theory - L »
law. : PT 3ALR9]530-I-4a$2 » Physics - Work, Power, and Energy (Mechanical)
. . 1 o | PT 3ALRO1630-1-4a(3), Elements of Physics - Matter ,
c. Describe the principles of magnetism 2) PT 3ALR91630-I~4a$4;,-Bgsic Physics - Matter
and electromagnetism. , PT 3ALR91630-1-4a(5), Basic Physics - Atomic Structure and Static
_ ~ Electricity o Lo _
PT 3ALR91630-1-4a(6), Basi¢' Physics - Work, Power, and Energy (Electrical)
SW 3ALR91630-1-4b, Energy, Ohm's Law, and Basic Circuits -
SW 3ALR91630-1-4c, Magnetism and Electromagnetism.
PLAN OF INSTRUCTION NO. 3ALRI1630 - DATE Y ek l:u;_ A l BLOCK NO. I [ PAGE NO. 4 ]

50




B ' o
PLAN O_F&INSTRUCTION (comanue&) : : S N 7 -
. UNITS OF INsT RU«;?:G_N AN c_mremc_m'nmecnves -"2~°§i.“o‘{,’,}§’|“ . 'SUPP‘OR‘.I' MATCRIALS AND cmDm\cE
. ' . by
T S oo N * | Audio Visual Aids
- B TR | .Jound-on-ST1de: S
Basic'Atomic Structure .
_ Energy, Ohm's Law and Basid Circuits
IR Magnetism and Electromagnetism -
| Training Methods .
scussion {7 hr)
Performance (5 hrs) ‘ , .
Outside Assignments (2 hrs)
Instructional Environment/Design
Classroom (1 hr) '
Laboratory (5 hrs) R
Home Study (2 hrs)
, . ' ' - Groqp/l.ock Step. .
| " | Instructional Guidan ' ‘ : T B )
Have students complete grammed texts as home study assigmnment. Intro-
| duce and summarize subject and answer any questions about the subjects.
| Conduct introduction and summary in the classroom. Performance hours _ . o
| are designed to reinforce knowledge and not ‘develop profic;iency. v
5. Electrocardiography I c S 3 ]| Column 1 Referernce STS Reference ' : o |
: . R S 5a ~ %a(2), &, 7a(8), 8a(8)(a), Ba(10)4&d
a. Describe the procedure for operating s ’ . . , _ ) .
‘a 12-lead EKG machine. ' Instructional Materials _ .
tzer, Penneo, Kitchell, Intensive Coronary Care - A Manual for Nurses
ROCOM Learners Workbook, Intensive Corondry Care Multimedia Learning .
| | System N '
‘- o Audio Visual Aids = Ll -
_ , “Transparencies, E-lectr_ocardiogrdphy Set ' : B
ROCOM Film No. 4., Electrocardiography and the Arrhythmias (13 min)
ROCOM Filmstrip, No. 7, The 12-Lead Electrocardiogram (9 3/4 min)
PLAN OF INSTRUCTION NO. 3ALRI1630 T DATE 2»3_,\”{ 975 ‘ ' l.sw_c.?-uo, N ' ‘ . i pAthfo. 5
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e osmsmucnomc»m.a- R

: . v : — ——
T W - S DURATION L . S o MATERIA : e
| UNITS OF INSTRUCT/ON AND CRITERION OBJECTIVES . v QHOURS | o _ SUPPORT MATERIALS AND GUIDANCE

- ' S , Trainin Methods . = B 11'-_>' T -
e [ecfureaﬁiscussion (3 his) . o S s
o Instructional Environment‘Desi.n : a ' :

S -1 . “l€lassroom | o
.o . . SR ' Group/dek Step ' SR PRI _k

‘Gfu Heasurement Test and Test Critique o ) 1
. Measurement Test “’ | |
b, TestCritique R e A IR
|'"]7- Electrocardiography IT - B 14. | column 1 Reference = STS Reference =~ . S R
- a. Descrlbe ‘the procedure for performing - S IR S _33(5.§;;, "8a(6) c;. 8a(10)(

.a routine EKG. , (3) e o 8afé 8a(6
: - 7d --v.', o © . Ba(b e), jBl{a), 8a(10)5p)

| et}

b. Describe the processing of e]ectro- = ) ,
cardrography tracings _ 1 @) Instructional Materials
s BT A sters Test .
mDmMﬂmm%ﬁmmwM« () w%mmwwammmmmhmmmg*, ‘
Meltzer, Pinneo, Kitchell, Intensive Coronar Care-A Manual for Nurses_

d; ~L1st_the steps in 1nterpret1ug EKGs. ,(2)’ - - |.Dubin, Rapid Inter retation of tKGs :
D : o .|~ ..  |Rocom, [earners WorEBooE, Intens?ve COronary Care Multimedia Learning

_Aud1o Visua1 Aids
T o : . : ransparencies, lectrocard1ography Set
L : . | Rocom: Filmstrips; = '
o g No. 6, The Format for Interpreting Electrocardiograms (13 m1n)
No. 8, The ClassificatiOn of Arrhythmias (14 1/4 min) :

I RN B N Trainin E uipment . R
N ‘ BN S S : o Electrocargiograpﬁs (3) o e L | .

SR BN BN : . . ' - | Treatment tables (3) - : S _ ' XS R

B E B . Do e - o , L . . | Paper cutters” (3). ' _ S o // I
1t 1 o ' S o BT Mountlng tape and ‘boards (3) : o o . T SR .

PLANcFFSfeucnénuog 3AL89i630' - foare uArR W lBLOCKyo‘ I B J"vkczna 6
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PLAN

: y — T
" UMITS OF tNTRUCTION'AND CRITERION OBJECTIVES

D'JRATION ) :
2 {HOURS} = &

OF INSTRUCTION (Conhnued)

[ ’ .. Tt
. SUPPORT MATFRIALS ANO GUIDANCE
3 S s .

8. Cardiac.Drugs

.- a. Describe the phamacology of stimulants.
depressants. and entiarrhythmics.

b. Dascribe the pharmacology of diuretics
and anticoagulants.

12 -
(8/4)
(3

RO

. -

Training Methods . "
Eecture?ﬁiscussion 3 hrs} : .
Demonstration (2'hes) ., .

* | Performance (5 hrs) ~
8 0utside Assigments {4 hrs)

,Instructional Enviromment Desi n
TTassroom (5 hrs) N .
Laboratory (5 hrs; L
- | Home Study (4 hrs) . - :

‘| Group/Lock Step .- -

S

L

' Instructional Guidance

erformance
’anydproficiency. Have ‘students complete progranmed text during home
 study. PO o ’ T,
uay . E .
STS Reference .

'C,olunh 'l Refe'rence” )
Ba, 8b - Ba(9)(al, Ba (b) o
Instructional Materials ‘ ‘

. ardiovascular Drugs
SG 3ALR9l530- -8a 2),

> Major Antiarrhythmic Drugs
| PT 3ALR91630-I-8b Current Concepts and Applications of Anticoagulant

Therapy -
Rocom Learners Horkbook Inten‘sive Coronary Care Multimedia Learning
_ System -, )
Audio Visual Aids A \L N
ocom Filmstrips: .
No. 17, Diuretic Therapy (9 172 min) S :
-No. 22. Sympathomimetic Drugs . {9 min) -
- No. 24, Anticoagulant Therapy (13 3/4 min) - o

| Fiimstrips and Cassettes, Trainex:
_Lidocaine Hydrochloride (50 min) .
Heperin Sodium and Warfarin Sodium (80 Yin)

urs -support knowledge requirements only and do not devalop-

. " Atropine and Isoproterenol Hydrochlo Q min),\'
PLAN pE INSTRUCTION NO. 3ALRO1630 | DATE $ Ar . I BLOCK NO 1 I PAG! ,f 7
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PLAN OF INSTRUCTION (Continved . -

—er
~

; . : ‘ : DURATION R ' » ’ ' )
; UNITS OF INSTRUCTION AND CRITERION GBJECTIVES , Hours) | S SUPPORT MATERIALS AND GUIDANCE

" 3
Audio Visuai Aids (Continued)
1. - |Filmstrips and Cassettes, Trainex: '
@ - | - Epinephrine and Isoproterenol Hydrochloride (50 min)
: ° Cardiac Glycosides and Quinidine Derivatives (50 min)

‘9.‘

_ b.

Cardiac Vectors

Predict Q R S Vectors. .

‘Ua. Explain Einthoven's triangle.

Trainin Methods .-
[ectureaﬁiscussion (8 hrs)
‘Aﬂuts1de Assignments {a. hrs)
‘Instructional Envir

Home Study (4 hrs) T
Group/tock Stepv : ,

.Instructional Guidance
Cardiovascular diseases. -
VG - Column 1. Reference i

Ya 4°
.[9b . ’

Instructiona] Materials

elate drug therapy to specific diseases covered in previous Tesson on
Students may use computer program in Learnlng
Resource Center to review these hours, .

STS, Reference

8a(8){c, T'(B)é )
8a(8){c), 8a(8) h)

—sa

ectors and Trigonometric Functions o

“ o N PT 3ALR91630-I 9, .Basic Mathematics ~ Graphs
' Bowen, ZAO Vector. Indicator

e 1 . R - - _ _ {Dubin, Rapid Interpretation of EKGs

. - : - " |Audio Visual Aids : : - :
. : : Transparencies, Vector Set : ' o
Slide, Ciba, No. 1555

B . .+ |rraining Methods : ’ S ' : w’,.
_ : Lecture/Discussion. (3 hrs) v . T : )
; ' S Performance (3 hrs) o .

1 -

>

e

L( - .‘ ) ]
U baTE & o ars WIS

‘iPLAthF lusreucrsowjno. 3ALR91630 _ o Iolzocg NO,va { - . _1 m\oE NEC. g

:3593 . E j‘ : ;:;‘  i.-" .vi o ! ~, t" } :' I-n .




PLAN OF INSTRUCTION (Contmued)

UMITS OF INSTRUCTION AND CRITERION DB.ECYIVES
| e . (' .

DURATION

lROURS\

SUPPORT MATERIALS AND GUIDANCE.

e

3 .

10. bhonocardiography and Heart Sounds

- Compare the action of the four heart
valves with their related hemodynamic

physiology.

11. ﬂgagurement Test and Test Critique
‘a. Measurement Test

b. Test Critique

: Traini Hethods ) _ . .
[ectureaﬁiscussion (4 hrs) o .

| Instructional Environment(Design o : o :

-1 Elassroom (4 hrs) o r

' Group/Lock Step , o -

_ instructionai Guidance ,

| *Instructionai Environment/Desig_

Classroom (3 hrs)

-| Laborktory (3 hrs)
-Group/Lock Step

Instructinnai Guidance '

‘Use chaTkboard to: plot QRS vectors and have students work sample problems.
Answer any questions about programmed: texts. Complete PT JALRI1630-1-9%
as home study; PT 3ALR91630-I-9b in class.” Performance hours are
designed to reinforce student knowiedge and not deveiop proficiency

Column 1 Reference STS Reference N i
A B 2 , S

Audio:VisualnAids o - 4 o
nono Simulator ' ‘ ;
Transparencies, Heart Sounds Set

JDuplicate spec art sounds with the phono simulator. Students should |
‘not 1isten to phono simulator for long periods of time because sounds

| will become difficult to distinguish.

Y
.

_DATE

I PAGENO. @

PLAN OF INSTRUCTION KO, 3ALR9'| 630
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PLAN OF INSTRUCTION ¢Continued)

’ ’ DURA : ' . T ;
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES }‘HOJ,{?," . SUPPORT MATERIALS AND GUIDANCE ‘ v
: o |2 e "3

2.

12. Arrhythmia Interpretétion 32 Columnfl Reference STS Reference
} (22/10) 172a, 12b, 12c - 8a(3), 8a(4), 8a(6)(d), 8a(6)(e)
a. Interpret arrhythmias in the sincatrialf (5) 12d - : ' 8a(3), 8a(4), Ba(6)(d), Ba(6){e) ,
‘node. _ » ' - 5 o _ 0

Instructional Materials

b. Interpret arrhythmias in the atria. (5) - MeTtzer, Penneo, Kitchell, Intensive Coronary Care-A Mafual for Nurses
R ' - | Meltzer, Iuntensive Coronary Care Student Workbook
. c. Interpret arrhythmias in the atrioven- (6) ROCOM  EKG Workbook, Intensive Coronary Care Multimedia Learnino Systems
tricular node. . ' ROCOM Learner's Workbook, Intensive Coronary Care Multimedia Learning Sys
- . . ' Ritota, Diagnostic Electr :
- < d. Interpret arrhythmias in the ventricle.| (6) - Goldman, Clinical Electrocardiography

. Audio Visual Aids . _ . "
Rocom Films: - .
No. 8, Harning Arrhythmias (22 min) :
] No. 9, Lethal Arrhyttmias (19 min) . —_—

‘I Rocom Filmstrips: - !
No 11, Types of Premature Ventricular Contractions and Their Treatment
_ (6 3/4 min)
' . - No. (?ga. I?terpretation of Arrhythmias Originating 1q the S-A Node
v min
No. 30b, Interpretation of Arrhythmias Originating in the Atria
3 ]/2 ming ’
No. 30c, Interpretation of Arrhythmias Originating %Q\t:e A-V &

Junction (15 1/4 min)
No. 30d, Interpretation of Arrhythmias Originating i
(14 1/2 ming L ,
|- Stides, Arrhythmia Set !

e Ventricles

Training Equipment
: ’ Arrhythmia Reproducer (10) , .

P ' ' : Monitor Scope (10) . ’ ) . .
' , , - | EKG Rulers (1) '

Tra1ning Methods
Lecture/Discussion (16 hrs) . .
v Performance (6 hrs) _ . / ~
4 : Qutside Assignments (10 hrs) -

PLAN OF INSTRUCTiON no.  3ALRO1630 DATE o g APR 17 ) I BLOCK NO. I J s:5e 8. 10 _J .




PLAN OF INSTRUCTION (Continued) . - - ' o

DURATION

UNITS OF INSTRUC TION AND CRITCRION OBJF. . TIVES © b (HouRs SUPPORT MATERIALS AND GUIDANCE
: ? : .

- | Instructional Environment/Design . 4 N
| Classroom (16 hrs) .
Laboratory {6 hrs ) - .\
& - | Outside-Assignments (10 hrs)

Group/Lock-Step

~

- : Instructional Guidance :
: . ’// ; Have students use workbook after each set of Arrhythmias. Assign exer-
: » . icises in learners workbook as homework assignments. An arrhythmia -
workshop will :be presented for 6 hours after additional information con-
. o cerning treatment of arrhythmias has been furnished. “Arrhythmia repro- -
A @ : -~ - . |ducer and defibrillator will be used. Students will be required to = _
diagnose selected arrhythmias and initiate treatment as needed, in order
to reinforce knowledge of subject matter; skill will not be_developed.

e

13. Treatment of Arrhythmias 1 Column 1 Reference STS Reference
' T ' (9£2) T3a B a(7)(cT, f), 8a(7
a. Explain cardiopulmonary resuscitation. | - (3) |13 4a(2), 7a(8) S
. - 8a(7)(b), Ba )y 8

b. Analyze the electrical treatment of - {(3)... ' n -

arrhythmias, o '13‘5 _ : aJ, Ba(9)ib) D |
. . - ‘ -

c. Determine the drug therapy of specific 1 (2) Instructiond] Materfals j : - o S
arrhythmias, _ _ | FeTtzer, Pinneo, Kitqﬁell. Intensive Coronary Care - A Manual for Nurses

ﬂ ‘ . co Rocom Learners Workbook, Intensive Coronary fare MuTtimedia Learning -

~d. Given'a manikin, simulate precordial ‘ - System T T o

shock. Correctly completing five out of i _ : : . : :
seven items on check T1ist 3ALR91630-I-13d. (1) " {Audio Visual Aids -

_ es, Lardiopulmonary Resuscitation Set :
- Fi]?i3koio?'No. 5, Interpretation of Arrhythmias and Thefr Treatment
min - . . .
Filmstrips, Rocom: - I : o
- No. 9, Drug Therapy of Arrhythmias (12 ]/2’minz
/ : : |~ No. 10, The Treatment of Specific Arrhythmias (7 1/4 min)
. No. 25, The Concepts of Cardiac Pacing (7 3/4'min) -

-, No, 26, Transvenous -Pacing (13 1/2 min) : ;

No. 27, The Nursing Role in Cardiac Pacing (6 min)

No. 28, The Electrical Treatment of Arrhythmias (11 1/2 min)

: ) : ' 1___No. 32, Cardiopulmonary Resuscitation (15 min
PLAN OF INSTRUCTION NO, 3ALR91630 _ DATE g & APR 195 y I BLOCK NO. | N PAGE NO. 19
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‘ S :
K es.m OF. msreucnou (Continved - ‘
1, "u_n|rsneunsrnucrxou Anucniieanouoejecr:ves - ogm;rggu _3- : . .suppoamkfeams Ahosulnmcg
A ot | Training Equi ent" T e T L
1 e T . Defibrillator I L :
o S . L : Resusci-Anne Hanikin (}0) B
i : o T " | Monitor Scope (10) - T _
S SR EEREEEE I Arrhythmia Reproducer (10) : - oo et
_— ‘% SRR Training Methods - . L o L
. SRR " fectureaﬁiscussion (Thes)y - = S -
o R Demonstratian/Performance (2 hrs) . Cog » . g
‘ ﬁf//d R Outside Assignments (2 hrs) » S
. t k B ., Do, . ’ . - N N
‘ Instructional Environment Desi n )
- | Classroom (7 hrs) . ol
‘Laboratory Ez hrs} T S
Home Study (2 hrs) . o : : L
: Group/Lock Step -
‘ Instructional Guidance _
emonstrate procedures and point out. hazards, Allnw students to- defibrill-
ate the manikin USe only a maximum ‘of. 50/watt/seconds on defibrillator.
. RS _ - . . . .
4. Cardiac Catheterization S R P {Column 1 Reference .. STS Reference = - L v
: ) o , l]4a T ' 8al6)(aJ, Baigg'd) ‘BaQBPéeP,'Ba(B‘ ),
4. Explain the duties of the cardio- - S : ‘ C -~ 8a(8)(q), 8a as, a(10)(b), 8a(10)(c) //g“
 pulmonary Taboratory specialist in aSSistingv“" R B o T T Y T
~-jwith a cardiac catheterization I B o Trainin Equipnient - ‘ o ' S
o _ o ». . | Transducers lgg-f L,
o T -+ " !Training Methods .
o : . : Eectureaﬁiscussion Qa hr) -
- L ‘i. . - ,rInstructional Environment Desx n f_
: , - B .,Group/Lock Step . Co
Jreanor msmucnonlnql. 3AL§9]'530 B o DATE 23 KPR 1975 - : V‘I'_BLOCK,NO. .I.. .A - _1 PAGE NO. 12 o o ——J_i
S [) . - A o I Lo e
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PLAN OF INSTRUCTM (Cuntmuclﬂ

v.l‘
™~

.?5 Measurement Test

b. Test C_ritique

/ S TYOF NSTRUCTION. AND cmémm s etnves o . D",fo“_-‘é?ru:: 1 . v;_g:b.-_an_:'g«arsnieiis‘nnn '5""',‘_’.“"'"‘5: ’ .
R | Instructional Guidance ~ - ' o
£ .| Emphasize that: the primary responsibilify is that of monitoring the .
o ; R gl electrical activity of the heart ‘ . -
{15, Related Training (1dentified in. cwse 1.2 0 T {‘ '
‘ chart) , . ST :
16. Heasurement Test- and Test Critigue 2 ‘

PLAN

25 NSTRUCTION NO.

3ALR91630 -

DATE,

25 FR 05

. I.BLOCKND.‘ 1
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PLAN OF INSTRUCTION

" couRSF TITLE

Cardiopulmonary Laboratory Specia1ist : ' | | o A\& '

| IR

T

Pu]monary Medicine »
B 7

J -

[

T

N T8 OF NSTRUCT'CH AND CRITERION OBJECTIVES

a N

DURATION
, (HOURS!

suppo'm MATERIALS AND GUIDANCE

Cal”

1. iResp%ratory'Anafomy and PhysioIogz

resplratory tract.

b.
| . ..:c"
- tion.

Exp]ain the mechanics of respiration

Describé, the gross anatomy of the L

Describe gas- exchange and transporta-f,'

.
(1474)

6)

@

)

 |Audfo Visual Atds

~_.Group/Lock Step B

Column § Reference _ “sts. Reference ﬂf~“
Ta, b - _35],8b§
= o st

Instructional Hater1a1s
espiratory Anatomy and Physiotogy

- {SH IALR91630-TT-1(1] "6as Exchanae aad Transportation

| sWw 3ALR91630-II-IC€ g Control of Respiration :
{SW 3ALR91630-11~1c :Hyperbaric and- HypobariCKPhysfulngy
156 3ALR91630»II—1a{ ; Respiratory Physiology - Part' I .
SG 3ALR91630-11-1a Respiratory Physfology - Part II

‘:‘Psychologicai Consultants Inc. Programmed Text, Human Physiology :

“[Brady, Respiratory Thera
Grenard, Beck, Rich, Introduction to Res irator Thera
Schapi Kavancea g dies in R *

Grenard, Beck, Rich. chap ra, tudies in Resp ratory Therapy

Transparencles, Respiratory A and'P»sef .
'ST4des, Respiratory A and P Set .
Film mstrip and Tape, Brady. The Respiratory System (50 min)

Trainin Equi ent
Segmentll Eungs (5)

’

\

Outside Asstgmments (4 hrs

- Instructional Environment Desi n
Classroom (14 hrs) .

Home Study (4 hrs)

Training Methods . o,
[ectureaﬁiscussion (14 hrs} : S SR _

Poab oF

*.E’-R;.'CT onno. 3ALR91630
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PLAN OF INSTRUCTION (Conticued)
UNITS OF mst,nu,grfou AND CRITERION OBJECTIVES aﬂ ZD?HROA(,T,;SN s | .SQPPORT MATERIALS AND GUIDANGE _
. - X » L » v
~ Instructional Guidance , D o
Use slides and transparencies to i1lustrate key points, Answer questions
A v students hiave regarding workbook assignments, - - ' o
2. Respiratory Disorders 13 " | column 1 Reference ~ STS Reference g : o
. . : ' (974) a, 2b o . > 8b(5)(a)l, Bb(S)(a)2, -
- a. Describe the clinical features and - . : _ 8b(5){a)3, 8b(5)(a)4, §b(5)§bg .
treatment of -pulmonary diseases. (5) 2. - -8b(3), 8b(4), 8b(5)Ta)l, 8b(5 (a)2,
| T | | | | ~ 8b(5)(a)3, 8b(5Y(aTH Bb(5T(B) ——~
b. Explain the siigns and symptoms of (2) N 7 =
respiratory dysfunction. ] Instmctional Materials - o T '
@ "C.” Describe the causes of inadequate 2) Conroe, Forster, DuboTs, Briscoe, Carlsen, The Lung
_ falveolar ventilatign. . | Audio Visual Aids o
: es, Respiratory Disorder Set
. Transparencies, Respiratory Disorder Set ]
- “Fllmstrips and Cassettes, Trainex: N
' * The Pathophysiology of Emphysema (50 min) "~
- © Care of the Patient with Emphysema (50 min)
b 3 Training Equipment | ~
. SegmentaT Eungs )]
Training Methods
" ” Lecturgaﬁiscussion (9 hrs)
/' - Outside Assignments (4 hrs)
Instructional gnvir:onment/Design
Classroom rs ‘ a
5 . Home Study (4 hrs)
Group/Lock Step -
. ..
Instructional Guidance ‘
ave students prepare a case presentation of a pulmonary disorder,
‘excluding those presented during the lecture/discussion. Cases will
be prepared outside the classroom and include signs, symptoms, etiology,
X treatment, and prognosis. Cases will be discussed for 2 hours at the
PN 97 N RuCTION 301 R91630 DATE _'2 3 PR 975 [ erock no. - " [ e, 5 —_—J
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PLAN OF INSTRUCTION (Continued). t
. UNETE o nsind s TION ST ETERION T T s ::JHRQAJ‘;gN A SUPF;ORT MATERIALS AND GUIDANCE
Instructional Guidance (Continued)
end o oc . after information concerning respiratory drugs and
. pulmonary function studies have been furnished. Presentation of case
1s designed to reinforce knowledge and not develop proficiency.
3. Respiratory Drugs 5 ~ Column 1 Reference - STS Reference - _ .
. : (3/2) Ja, 3b Ec}guag. Ecw%b;l. BC(B;{b)Z, 8c 8;?:;3
a. Explain the pharmacology of broncho- 3c o 8c(8)(a), 8c(8)(b)T, 8c(8)(b)Z, 8c(8)(b)3
dilators. . _ :
Instructional Materials S -
¢ Sb. Explain the pharmacology of mucoly- renard, Beck, Rich, apira, Advanced Studies in Respiratory Therapy
T : Training Methods
c. Explain the pharmacology of. isotonic [ecture?ﬁiscussion (3 hrs)
~solutions. . . 0T Outside Assignments (2 hrs)
Instructional Environment/Design ‘
Classroom (3 hrs) =
Home Study (2 hrs)
. Group/Lock Step -
: Instructional Guidance
— ' orrelate drugs with specific diseases presented in earlier lectures/
1 discussion. ,
4. Measurement Test and Test Critique 1 - .
a. Measurement Test
b. Test Critique '
5. Gas Laws 9 . Column 1 Reference 'STS Reference
: (772) a, 5b, 5¢C a)tl, 56;?;2. 8b(6)£a 3, 8b£6;{a;4.
a. Explain the procedure for converting ' 8b(6)(a)5, 8b(6)(a)8, 8b(6)(a)7, 8b(6)(a)B,
temperature from one scale to another using (2) 8b(6)(a)3, 8b(6)(a}T0, 8b(6)(aN11, 8b(6)(§')_]_2ﬁ
the fahrenheit, centigrade, and Kelvin scales. ' »
PLAN OF INSTRUCTION no.  3ALR91630 - DATE g APR 1675 I 5LOCK NO. 11 i PACE NS, - 16




PUAK OF INSTRUCTION (Coitinued

DURATION

um’ts, oF msmucno& AND CRITERION OBJECTIVES vf , (HOURS): s g T SUPPORT MATERIALS AND GUIDANCE
: b Expla1n five gas laws related to ) (2) | .Instructional Materials
-pulmonary function studies. : N ~I1-b, Gas Laws .
‘ 1 PT 3ALR9l630—II-5c(l), Basic Mathematics - Fractlons
, ¢.. Explain the procedure for solving. | (3} | PT 3ALR91630-I1-5¢(2}, Algebraic ‘Expressions
gas law problems involving temperature, A ‘ : PT 3ALR91630-1I-5¢(3), Basic Mathematics ~ Algebraic Equat10ns
pressure,.cnd volume. . ' . Grenard, Beck, R1ch. Introduction to Respiratory Therapy

| Audio Visual Adds S o :
- Transparencies, Gas Laws Set o - -

“Trainin Methods '
Lecture/Discussion (4 hrs)
Performance (3 hrs)
Outside Assignments (2 hrs)

.
Instructional Environment[Design ‘
4 Classroom . _
_ Laboratory {3 hrs} s L
Home Study (2 hrs) . . "
' . Group/Lock Step ‘ o ' ‘ o ‘ :
' o 3 ' o | Instructional Guidance o I R
s ‘ ‘Give . examp es of gas Taws and work out sample problems. Have the student% :
| work gas law problems in SW 3ALR91630-1I-5, -Programmed text will be
t completed as home study.. Performance hours are designed to reinforce
- knowledge but no profic1ency is developed : v
6. Sllde Rules and Nomograms . : 4 T‘Column 1 Reference ~ STS Reference.
' 1 6a, 6b --8b(
ExplaIn howtmathemat1cal problems are i 6c : : . - 8b(6)(b)e
solved w1th a slide rule. o - o EE——
b. Explain-the use of nomograms. ‘ ivInstructIOnal Materia;;ograms :
By . . Lab c M hods a d
c. Explain the use of the Coll1ns Pul- 1 og:Tcu$:1}onghristensen Cardiopulmonary aboratory, Basi ethods an
monary Function computer. - e ' ‘
PLAN OF mstRuc,’nou No. ._3'A[.R.9]630 . ' DATE 2APR 1278 Bl . l BLOCKNO., 11 ) ~ ‘ rveos NO. 17 ]




PLAN OF INSTRUCTION (Continued) o , g : !

k UHITS OF 18 {1 RLCTION AND CRITERION ORJECTIVES
1 -

DURATION
2 {tHOURS;

WFPORT MA FREALS AND SGUIDANCE

| 3

7. Spirometer

a. Explain the operational check of a
Collins Spirometer.

Training Equipme
STide Rvetipns

Pulmonary Function Computers (1)

Trainin Hethods
'fecfure'amst':ussion (1 hr)
Demonstration (1 hr)
Performance (2 hrs)

Instructional Environment/Design
- Classroom (2 hrs) '

Laboratory (2,\ rs).
Group/Lock St

Instructional YGuidance
Performance holirs are limited to working sample problems to insure
students have a working knowledge of slide rules and computers

" Column 1 Reference , STS Reference

lnstructidml Heterial S

11

onim, ristensen, Cardiopulmonary Laboratory Basic Methods and

Calculations -

~

- Training Equi ent
Spiromegers lg; .
Tra.inin Methods
v[ecture?ﬂiscussion (1 br)

assroom (2 hrs) r

Demonstration (1 hr) |
Instructional Environment/Design ’ - k{
Group/Lock Step

PLAN OF INSTRUCTION NO. 3] RG1630

0J
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PLAN OF INSTRU(ETION, {Continued)

o f

. UNITS OF INSTRUCTION AND CRITERION OBJECTIVES

".OURATION

* (HOURS)
2(f‘lUR)l

3 LR

. BE
SUPPORT MATERIALS ANO GUIOANCE

A

/4 - &

' iy Do

8. Acid Base Balance I

a. Explain the signs and symptoms of
respiratory,acid base disturbances.

b. Explain the signs and symptoms of
metabolic acid base disturbances.

. . €. Describe fhe method ;# obtaining
" logarithms from a slide rule P

t

14
(10/4)
(8)
(4)

(2)

T g T
'

!nstructdonalfﬁuidance " o X - Co
Have students feel the difference in resistance with the soda lime
cannister in'and out,

Column 1 Réference STS Reference
Ba : -8b(3}, Bb({Z

8b R ~ 8b(3), 8bS4_
8c - 8b{6)(a 1
-8c, Common Logarithms

[3
Grenayd, Rich, Beck, Introduction to Respirator Therapy - >
Wintgrs, Engel, Dell, Acld Base PhysToTogy in H%Hicine

mstrips and Cassettes, Trainex:
Compensation of Imbalances (50 min)
Respiratory Acidosis and Alkalosis (50 min)
Metabolic Acidosis and Alkalosis (50 min)

Training Equipment :
STide Rules'(ﬁ? v

]

-Training Methods
Leqtureaaiscussion (8 hrs) - &

Performance (2 hrs)
Outside Assignments (4 hrs)

Instructional Environment/Design
Classroom (8 hrs) -

Laboratory {2 hrs;
Home Study (4 hrs
Group/Lock Step

0

Instructional Guidance ° . :

Review use of the sTide rule and ba$ic mathematics. Performance hours
are limited to converting whole numbers to logarithms to insure that
students have a working knowledge of the conversion process.

4

PLAN 0F 15" 3. 27+3n NO. 3ALR91630
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v o S L IR : ‘ - b 1

b . a . .PLAN OF INSTRUCTION (Continued) -
TS N NETRUCTION AND CRITERIGN OBJECTIVES Rt R o SURRORT MATERIA S AND Guinanée
9. Measurement Vest and Test Critigue =~ | 1
a. Measurement Test - L R

b. Test Critique X

10. Pulmonary Function Studies .16 . | Column 1 Reference © SIS Reference ‘ @
. Eblatn the corfon ¢ cateuta | OHM | TR BIB)G)Y, Bb(6)(a)2, Bb(6)(a)8, 8b{6)(a)3
a. Explain the performance and calcula- _ . » r : :
 tions of volume studigs. 7 (3} » , 8b(6 (aA)'IO:,_____LBb(‘G»)‘(b)Q.’__________Bb(_(:")‘(b)_lo,aa
' b. Explain the performance and, calcyla- L . - 8b(6)(a)3, 8h(6)(a), 8b(6)(a)s, 8b(6)(a)6 , B
tion of flow rate studies, I T & ) I o R - Bb{6)(a)7,. b[” T |
ton. rate o . e 8h(6)(a )11, 8b6)(a]T2, 8b(6)(b)7, 8b(6)(b)8
- €. Describe diffusion studies. 9 M e ' : qa(2) — . . 7;,
d. Using a 9 liter spirometer, perform N | Instructional Materials j . e o
and calculate routine spivometry studies. ' ! -1~ » Basic Mathematics Percentage - ° o
| Correctly perform all items on checklist PT 3AL891630~II-]0122;. Review of Arithmetic and Whole Numbers
3ALR91630-11-10d. -Instructor assistance . | PT. 3ALR9T630-11-10a(3), Mathematics Review Volume I ‘ »

o permitted. ‘ -1 .(8) onim, Bell, Christensen, Cardiopulmonary Laboratory Basic Methods and |
PR - ‘ ‘ [} Calculatfons - o o , IR
S o M adevisai A,
N :T-ransparenc‘les, Pulmonary Function Set
. Slides and Tapes, Monaghan: :

Medical Aspects of Pulmonary Function Testing (60-min) - :
Theory and Operation of Monaghan Pulmonary Function Analyzers (60 min)

Training Equipment :

e RuTes T o L _
Pulmonary Function Computers (1) T
‘Spirometers (3) o o : S

] ’ , ' : , ‘ | Training Methods =
o [ecture%{scussion‘ (5 hrs)

. Demonstration (1 hr) : - : .
‘ _ ' cfrmauce_.'ﬁ*hr PR S - ‘ A
. A PLAN OF INSTR.ITION NO.. 37| RG1630 o | oate gaaf 7 - ] erockno. no - r PASE NO. 20' '
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PL AN OF INSTRUCTION (Centinved) - B

-
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES

-~

DURATION
, (HOURS)

3

* SUPPORT MATERIALS AND GUIDANCE

N

B

11. Acid Base Balance II

a, ‘De$cribe arterial blood gas values
associated with acid base disturbances.

b. Explain the Henderson-HassElbalch
equation.

c. Describe the use of the Hénderson-

Hasselbalch equation in verifying blood gas
values. -

3 &

14
(1074)

(2)

(2)

(6)

- Grenard, Rich, Beck, Introduction to Respiratory Thera
Winters, Engel, Dell, Acid Base Physiology In Medicine.

Instructional Enyironment/Design
ClasSroom (6 hrs)

Laboratory (6 hrs) h
Home-Study (4 hrs)

Group/Lock Step

Instrdctional Guidance

ave students pair off and perfonn.studies on Qach other,

*

Column 1 Reference
a, , 1Tc

STS Reference
8(6)(a)1a

Instructjonal Materials
91630-IT-T1c (77, Powers of Ten -
PT 3ALR91630-I11-11c(2), Mathematics Review

a

Audio Visual Aids ,
Timstrip and Cassette, Trainex:
Body's Regulation of pH (50 min)

Training Equipment : e
| STide RuTes (i;

1

Training Methodé -
Lecture/Discussion (4 hrs)
Demonstration/Performance .(6 hrs)

Outside Assignments (4 hrs)

Instructional Environment Design :
Ciassroom'llnhrsi~ .

.1

Laboratory (6 hrs N
Home " Study (4° hrs + . o
Group/Lock Sﬁep . .

3ALR91630

PLAN OF INS"R,CTiON NG,
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-

"PLAN OF INSTRUCTION {Continued) .
) " - .. R = |
S DURATION ) ,
JN-T5 OF INSTRUCTION 3D CRITERION OB JECTIVES HOURS! SUPPORT MATERIALS AND GUIDANCE
2 O 3

g

<=

12. Blood Gas Studies

a. Match the arteries used with the
types of studies performed,

b. Describe the types of diaghostic
equipment. :

c. Explain the colléﬁtion and storage -

of samples.

d. List the steps in performing a single

arterial puncture.

9
(7/2)
(M

(2)
(2)
()

_Instructional, Guidance

Review basic mathematics. .Performance hours are limited to working
sample problems to insure students have a working knowledge of the
Henderson-Hasselbalch equation. Programmed texts 3ALR91630-II-11c(1)
and 3ALR91630-I1I-11c(2) are completed during home study. L

Column 1 Reference STS Reference

a, . 12C %a{Z], 6d, 8b Ggga)l3. 8b(6)(a)14, 8b(6)(b)1]
, : 8b s;(b)z. 8b(6)(b)3, 8b(6)(b)4, 8b(6)(b)12
12d . 4a(2),” 6d, 8b(6)(a)13, 8b(6)(aT14, 8b(6)(bY1,|.
s 8b(6)(b)2, 8b(6)(b)3, 8b(6JIbJ4, 8L(EI(BIIZ
Instructional Materials ‘ '
3ALR91630-11- d, rterial‘Punctyres .
Audio Visual Aids
mloop, Rocom, Arterial Puncture {20 min)

Filmstrip and Cassette, Trainex:
~ Arterial Samp}es for Blood Gas Analysis (50 min)
Transparencies, Blood Gas Set

Training Equipment
reatment Tables (3)

Sodium Heparin (10)

Scc Syringes (1)

21 gauge needles (1)

Alcohol sponges (1) ~

Band aids (1?

Training Methods
Lectureaﬁiscussion (4 hrs) .
Demopstration/Performance (3 his)
Outside Assignments (2 hrs)

£

PLAN OF INSTRUCTION NO.

3ALR91630

DATE g § APR 1575
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PLAN OF INSTRUCTION (Continuéd),
N UNITS OF INSIYRUCTION» AND CRITERION OBJECTIVES ' 20?,,%‘{,7;;%" ) . . SUP96R7 MATERIALS AND GUID‘ANCE.
Instructional Environment/Design
Classroom (4 hrs) i : :
Laboratory 23 hrs; . -
Home Study (2 hrs’ : .
Group/Lock Step
Instructional Guidance .
“1 Conclude Tecture with Rocom filmstrip and then demonstrate a "single ,
| stick" using the radial artery. Have students pair up and perform the
; Procedure on each other. Proficiency is not required. Performance of
procedure is to allow students to get the feel of the puncture in a -
) ‘ controlled environment. ' ' _ I .
13. Postura) Drainage 2 Column 1 Reference . STS Reference - ‘
‘ : ' T3a 8c{T0{a], 8c(10)(b), 8c(10)(c), 8¢(11)
a. Explain three methods of performing - s : '
postural drainage. Instructional Materials ) .
. Grenard, Rich, Beck, Schapira, Advanced Studies in Respiratory Therapy
Audio Visual Aids w
| Filmstrip and Cassette, Trainex: :
I Postural Drainage, Clapping and Vibration (50 min) o
| Training Equipment ' -
i Treatment tabEes (3) g
" Training Methods '
| Lecture/Discussion (1 hr)
Demonstration/Performance (1 hr)
ey :
Instructional Envircnment/Design . oo
assroom r '
! Laboratory (1 hr) ,
Group/Lock Step’ ‘
.
N : . o _ o
PLAN OF INSTRUCTION NO. g Dot 6an DATE 4o\ 3915 8LOCK NO. I l 23680, 9g
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9 PLAN OF INSTRUCTION (Continued)

- ’ DURATION '
" UNIT, A1 'NSTRUCTION AND CRITERION OBJECTIVES POURS, SUPPORT MATERIALS AND GUIDANCE
- : 2 1

Instructional Guidance :

IHustrate Tecture by demonstrating postural drainage on a student.
Have students practice positions on each other. The performance hour
is designed to reinforce knowledge requirements only and not to

develop proficiency.

‘

14. Related Training (identified  in course 2 >
chart}. ] 4 .
15.. Measurement Test and Test Critique . S 2

8. Measurement Test

b. .Test Critique

B
* ¥

BLOCK NO. It J PAGE NO. 24
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TE%‘L

PL AN OF INSTRUCTION

V)

COURSE TITLE

Cardiopulmonary Laboratory Specialist

BLOCK TIiTLE

Introduction to Respiratory Therapy

R

, .
UNITS OF :N3TRUTTION AND CRITERION OBSECTIVES
1

(HOURS)
2

DURATION

SSPPORT MATERIALS AND GUIDANCE
3 ’ J '

1. Introduction to Respiratoky {Therapy

a. Describe the ofganizaigbk of a respira-
tory therapy department.

b. List the services offered by a respira-

tory therapy department.

2. Safe Use of Medical Gases

a. Explain the safety systems used with |
medical gases.

b. Describe the use of regulators and
flowmeters. ‘

v 5
(372)

Column 1 Rgferencev STS Reference

Ta a, ¢éb,
1b 2a, 2b, 7b(2)
Instructional Materials

gan, Fundamentals o
AART Applicqtion Forms

Training Methods
[ecture’ﬁiscuss?on (1 hr)
Instructional Environment/Design’
Classroom (¥ hr)

Group/Lock Step

espiratory Therapy

-

Column 1 Reference STS Reference
2a

2b 42(2). 8c(4)

Instructional Materials
rady,

B Respiratory Therapy
Grenard, Beck, Rich,” Introduction to Respiratory Therapy

Bennett, Flow Requlator Punchout

Audio Visual Aids
Transparencies, Medical Gases Set

Training Equipment

Gas Regulators (5)
Training Methods
Lectureaﬁiscussion (3 hrs)

Outside Assignments (2 hrs)

3ALR91630

DATE

2 2 kiR IS
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PLAN OF INSTRUCTION (Continued)

UNITS OF INSTRUCTION AND CRITERION OBJECTIVES

" DURATION

, (HoURS

SUPPORT MATERIALS AND.GUIDANCE
3 : .

)

kY

3. Humidification and Aerosol Theragy

a. Describe the conditioning of inspired
afr by humidity and aerosol.

- b, Explain the dperation of jet nebulizers

~¢. Explain the operation of ultrasonic °
nebulizers. ‘

d. Describe fhree types of.humidifiers.

Instructional Environment/Desian :
Classroom (3 hrs) ’ : -
Home Study (2 hrs) o e
-Group/Lock Step.. =

Instructional Guidance - . ' .
sk students to g{ve examples of improper uses of medical gases from
personat experiences,

Column 1 Reference
Ja

STS Reference )
a

a(2), Be(21(c), 8c(2)(d), 8e(2)(e)l,
8c(2)(e)2 '

3b, 3 . 4a(2), 6d, 7a(8), 8c(2)(c), Bc(2 a),
* BRI e, s

4a(2 , 6d, 8), 8¢c(2). » 8¢{2)(d R
Bo(2le)], so(2)(els ot 2L

Instfuctionai Métefials

: Eraay, Respirator Therapy - : - .
Grenard:'EgEFf_§7¥ﬁT'Tifggahction to Respiratory Thera

Gre?:rd, Beck, Rich,.ana Schapira, Advanced §tuﬁ?es in %espiratory

erapy :

Audio Visua?Aids

ransparencies, Humidification and Aerosol Set

| Sound Tapes, Monaghan: -

. Medical-Phsyical Aspects of Humidity and Aerosol Therapy (50 min)
- Theory and Operation of Monaghan Ultrasonic Nebulizers (50 min)
Filmstrip -and Cassette, Trainex:

UTtrasonic Nebulizers (50 min)

| Training Equipment o
Devilbiss ﬂ!trasonic Nebulizer (10)

{ Training Methods |
Lecture/Discussion (3 hrs)

PLAN OF INSTRICTION Nq. 3A“i91 630 .

| DATE - 9 3 APR 1375
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- PLAN OF INSTRUCTION (Connnucd)

. B - <
N'T3 OF INSTRUCTION AND CRITERION OBJECTIVES

DURAYION

OURSY .
2 (H

.

3

SUPPORT MATERIALS AND GUIDANCE

¢

4. Intermittent Positive Pressure Breathing
- [1PPB) T ,

a. Describe the indications for the use
of IPPB. ’ :

b. Explain the .technique for IPP8 therapy.

c. State the hazards of TPrB‘therapy.

7
(5/2)

.Group/Lock Step

Instructional Environment Desi o
CTassroom (3 hrs) B

- R

Instructional Guidanne

efate

use 0
disorders.

_Column 1 Reference

4a, 4b
4c

raay,

Audio Visual Aids
ransparencies, PB
Slide Tape, Monaghan
Breathing (60 min

um dity and aerosol therapy to specific pulmonary

STS Réference
a), 85(2)“))- 8C(3). 8C(4),

n?sl 8c(2)(a). Be(2)(b), Be(3), Be(s),
ge(s)

,InStructfnnal Haterials

Brady, Respiratory Thera
Grenard, Beck, Rich and g ha

«

C pira, Advanced Studies 1n Respiratory Therapy

-

Set
3 Hedical-Physical Aspects of Positive Pressure

Training Equipment | . . 'wg
Resp?rator. Bg 3 Mark 7 (2) )
Training Methods =~ - » '
Eectureaﬁiscussion (4, 5 hrs)

Demonstration,
Outside Assignments

(.5 hrs)

(2 brs)

Instructional Environment/Design
ETiEEF63EFIE'EF§7""""Z""2'

Home Study (2 hrs)
Group/Lock: Step

Y

| DATE
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. “
PLAN OF INSTRUCTION (Cc_mﬁnued) v
, ] » - —‘— - —
UNITS OF INSTRUCTION AND CI:ITERION OBJECTIVES ZD:JHROAUT‘:gf{ SUPPORT MATEhIALS AND GUIDANCE R JR
&
InstructionaJ Guidance
phasize is Tesson is to give the student basic understanding
. of _the therapy dnd not -the mechanics of the operation.
5. Pediatric Ventilation 1 Column 1 Reference * STS Reference

a. Describe the problems and 11mitations
of pedlatr1c ventilation.

LA . ~ 8c(Z](al, Bcl2)(b)

Instructional Materials
Brady, ﬁewborn Respiratory Tract

Audio Visual Aids
Slides, Brady, Newborn Respiratory Tract

Tra1n1ng Methods

Lecture/Discussion (1 hr)

Instructional Environnent/Desi n o
Classroom (T hr) -~ _ B

Group/Lock Step

Instructional Guidance
Point out specific problems in this area that are not found in adult
ventilation,

6. Indications for the Use of Oxygen 4 Column 1 Reference STS Reference
(272) 6a _ i 8c (b), 8c(1)(c) 8c(1)(d)
a. Describe the indications for the use ,
of oxygen therapy. N Instructional Materials -
— Brady, Respiratory Therapy
Audio Visual Aids”* :
Transparencies, Indications for the Use of Oxygen Set
. Training Methods
\ 2 Lecture/Discussion (2 hrs)
Outside Assignments (2 hrs)
/ N / / i
PLAN OF N§T3_IT.ON NC. ,’ 3ALRST630 DATE o J pPE 1575 7 ] ki / ITI l SeGENO. - og .
9 . .
QA\
U

7

.




<,

‘PLAN OF INSTRUCTION (Continved)

¢

1 UNITS GF w>TRU' T:ON AND CRITERIAN JRIJ_ccrlnvss "}’,,’i,{,‘,;?.“' " SUPPORT MATER 43 AND GUIOANCE
2 3
Instructional Environment/Design
Classroom (2 hrs) D
.Home Study (2 hrs)
Group/Lock Step .
' | Instructional Guidance
X i Discuss malfunctions of the cardiopulmonary system that Tead to the
*: use of Qp, Emphasize the cause of the malfhnction by using selected
- transparencies. &
7. Oxygen Equipment s 3 é Column 1 Reference STS Reference ~
i Ta ‘ - , 7a(8), 8c;1 ;c
a, Describe the use of nasal'%atheters/ ' 7b : 4a 2}, 6d 7a(8), 8c(1)(b
cannula. 7c 4a(2}, 6d. 7a 3) Eﬁ a), 8c(1)(d
b. Explain the operation of oxygen masks., " Instructional Mateﬁials
. rady, Raspirator era)
c. Explain the use of oxygen tents. Egan, Fundamentals of Respirator Thera '
Grenard, Beck, and Rick, gntroauction to Respiratory Therapy
"1 Audio Visual Aids .
: ransparencies, Uxygen Equipment Set
‘ Training Equipment .
Catheters?gannu1a (10) -
Oxygen Mask (10) .
Training Methods
Lecture/Discussion® (3 hrs)
. Instructional Environment(Design
assroom rs
, Group/Lock Step ’ N
fInstrudtional Guidance - T
Pass around examples of 0, equipment after the lecture.
PLAN OF 'NSTRUCTION NO. 201 BA1E30 DATE 28 /R 175 BLOCK NO. 11 J PAGE NO. 9g
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"PLAN OF INSTRUCTION (Continued)

-~ UNITS OF INSTRUCTION AND CRITERION OBJECTIVES

DURATION
, (HOURS}

3

T

. N b
SUPPORT MATERIALS AND GUIDANCE

_ 3 lfl‘anage'tﬁe'nt-‘of the Comatose Patient -

a. Describe the. technique of dealing -

 vith the uriconscious patient.
L

cul). Respirators I

a. Explain the 6beration of Bird
. espirators. . -

b. ,Describe Ehecial breathing assemblies,

1

13
(974)

al
.,

-3

4

o

-1 Co]umn 1 Reference
) Ba 4

Instructional Guidance

Slide Tape:

STS Reference

§:II]I:1?’8"12)(a). 8C(2)(b)
Audio Visual Aids

m, - ergency Airway Maintenance (26 min) L

. Training Methods .

Lecture/Discussion (1 hr})

Instruétional Environment/Design - - B
ET3E3FB5ﬁ'TT"hFT""""'llf'_jL' : ‘ ’ R

Group/Lock Step

onclude with t e

Watch class cloSely for
students passing out. :

im on airway maintenance

Column l Reference, L STS'Reference

9a, . . aié}, 8c(2)(a

Instructionai Materials ' .
0-TIT-%a, rd.Respirators R I
Bird Catalog '

Grenard Beck, and Rich, Introduction to Respiratory Therapy o
. . \ -/
Audio Visual Aids i K v

Transparencies, Bird Respirators, Set S : o
Slides, Bird ‘Respirators Set . c
Filmstrips and Cassettes, Trainex:-
- IPPB-I<Bird Mark VII (50 min).
IPPB-1I_Bennett Pr~1 (50 min) -
Theory and ﬂpération of Monaghan Positive Pressure Breathing

Machines

Training Equi ent

Bird ﬁespirators (s) . E g . '

‘e

,;uoé;uﬂwucnonnc: 3ALR91630+

Y
¥

- .
DATE

23 APR 1575

‘IBLO‘CK‘NO.VM I

I B N N
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PLAN OF INSTRUCTION (Continved)

S S

UNLTS CF INSTRUCTION AND CRITERION OBJECTIVES

DURATION
2 {HOURS)

) SUPPORT MATERIALS AND GUIDANCE
3 : .

Training Methods - ~
Le ctureaﬂiscussion (7 hrs) S -
Demonstration (2 hrs) o
Outside Assigmments (4 hrs)

PLAN OF INSTRUCTION NO. _

3ALR91630 -

1

ij‘ "t | Instructional Envi nment Des1 n
CTassroom {9 hrs)
Home Study (4 hrs)
Group/Lock Step
10. Intubation 2 Column 1 Reference STS Reference
_ Tla Bc{9){a]), Bc(9)(b)
a. -Explain the indications and side 10b ' 8c(9)(c
effects of intubation. 10c 4a(2), 8c(9)(c)
b. Describe the types of endotracheal Instructional Materials :
tubes. , : Grenard, Beck and Rich, Advanced Studies in_Respiratory Therapy
. : Brady. Respiratory Therapy
c. Describe the steps in intubating a \
patient. ) Audio V1Sua1 AMds  °
ransparencies, Intubation Set
. _Film Loop. Rocom, EndotracheaT\Intubation (20 min)
raining Equi N
ntubation man ns (5) \, .
Endotracheal tubes (5) N
Laryngoscopes (5)
’ Trainin Hethods
: Lecture {T hn) :
lDemonstration/Perfonmance 0 hr) ‘ .
Instructional ‘Environment/Design K
CTassroom (T hr) .
P Laboratory (1 hr) . ’
Group/Lock Step ~ A
- . “
- . K
oaTe  $ 3 APR WS BLOCK NO.




- L . . ’
), N ‘ B r
PLAN OF INSTRUGTION (Continued) :
,;‘ UNITS OF INSTN .2 C:N AND CRITERIO‘N OBJ_EC-TGVES :g;RDAJAgN ) SUPI’ORT MA';I'ERIALS ANDIGVUIDANCE ‘ X %
JInstructional Guidance : : R
Déemonstrate oral and nasal intubation and allow students to perform
A W procedure. Check for positioning of the tubes and inflated cuff,
o The performance time 'is designed to reinforce knowledge and not develop
’ , proficiency. ‘
1. Measurement Test and Test Critique 1
t & ) s
a. Measurement Test
_ b. Test Critique : .
2. Respirators 11 » 12 Column 1_Reference STS Reference \\\\) ..
(8/4) a D a2}, Bc(2)(a)
a. Describe the operation of Bennett ) 12b - . 4a(2}, 8c(2)(b)
ressure limited ventilators. (4) . _ T ;
; . Instructional Materials , RN
- * Explain the operation of volume Bennett Training Manua . : :
imited~v{:tilators. ; (4) - -Grenard, Beck and Rich, Introduction to_Respiratory Therapy
‘ : Audio Visual Aids
. e Filmstrips and Cassettes, Trainex: :
, IPPB - I - Bennett Pr-1 (50 min) :
“ .
Training Equipment _ . ‘,,
vt Bennett Respirator (10) ) . »
. ' Training Methods ’ o - *\
g LectureaDiscussion (7 hrs) ‘ . .
. | -Demonstration (1 hr). :
J Outside Assignments (4 Qrs) :
’ ze o Instructional Environment/Design _ ' |
assroom (8 hrs , .
Home Study (4 hrs) : ;o : o
Group/Lock Step o o ’
\ . 9 !
N OF (fSTRUCTION =2 3ALR91630 DATE £ 3 APR 197: I BLOCK NO. 111 TeGE G, 32 _J
# ‘o)
! . P 8 f’
; ! A .
- - ‘. ' 8’? . | [ . » . N N '
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o } . PL AN OF INSTRUCTION (Continued)

) t ‘ : f“ - S L umn{nvrs ::JHRQAJ.;E,N . JWHPORT MATERIALS AND GUIDANCE .
s - . ' : Instructional Guidance '
) Present maintenance hours at the end of course in order to keep student
4( interest the last twop days.
13. Post Operative Complications 2 Column 1 Reference STS Reference '
L . i\ ‘ Th . Bc(2]{a), 8¢ (2)(b). 8(10)(a), 8c(10)(b),’
a. Describe the pulmonary risks of ! o , 8c510 (c). 8c(M
sirgery. | . I 13b _ 8¢(2)(a), 8c(2)(b) 8c(10)(a), AAjJO)(b).
‘ ' . 8c(10)(c}, 8c(11)
b. Explain nine pulmonary complicatlons ¢ | L
. of surgery. - Instructional Materials

: . ! "Brady, Respiratory Therapy - |
" . Grenard, Beck, anﬁ Rich, *ntroduction to Respiratory Therapy .

. Audio Visual Aids :
N ~ Transpnrencies. Post Operative Complications Set

¥ 1 A Trainin Methods
i : _ [ecturealﬂ scussion (2 hrs)

N . .

Instructional Environment/Design . ) v a
assroom nrs)
Gfoqp/Lock Step

~ N -

14, Sterilization of Equipment - (462) Column 1 Reference STS Reference
/ T4a d. 7a
a. Describe the protocol for a bacterio- 14b : ;a g » 8¢(6)(a
logical check. 14c . - 6d a{8), 8c(b)(c
K \ ' | " 14d a§82 Bc oJTl
b. Explain three types af heat disin- : : - S .
fection. : Instructional Materials s LA
o renard, » an ch, Introduction to Respiratory Therapy \
! . . c.. Select the advantages and disadvantage§ ° Brady, Respiratory Theragy
1 of gas sterilization. v
- - Audio Visual Aids ) ’ >
d. Describe the technique for cleaning | Frapsparencies, Sterilization Set ,
and cold sterilization. °
” HLAN OF %87 __jION NC. 3ALR91630 & ' DATE -z 3 APR 1975 - I 8LOCK NO. 11 FAG‘.‘ NO., aq
Q' [ ‘ 9 { \




PLAN OF INSTRUCTION (Continved) - o -
. - - A - -
- i : DURATION . ' ERN
UNITS OF INSTRUCTION AND CRITERION OBJECTIVES (HOURS) SUPPORT MATERIALS AND GUIDANCE
B E . 2 3. 3 a )

g 4
A .
I

15, Prolonged Artificial Ventilation

, ‘a. List five lndications for prolonged
. .artificial ventilation. ' .

_b.‘ Describe four types of respiratory
lead space. - v : C,
-,‘,9' v,w A .
c. Explain sighing and airway mainten-

" incex f v _
d. ’Describe‘t:j§ﬁyob1ems involving

infant ventilation.-

€
. (472)

Training Methods )
Lecture/Discussion (4 hrs) .

Training Methods - _— ' :
Lecture/Discussion (4 hrs) : i

Outside Assignments: (2 hrs)

: Instructional Environmeént/Desi T L
| Classroom (4 hrs} ‘ . -

Home Study (2-hrs)
Group/Lock Step

x

»

Instructional Guidance

se discussion method as much as poséiblp because of student  background.

STS Réference
Bc aJ, 8cf2)(b)
BC(Z)(a).'BC(thb) ‘

Column T Reference

a,
15d

Instryctional Materials ' : , :
Brady, ﬁesgiratorg |ﬁerag¥ ’ ‘ S .
Grenard, eck, an ch, Advanced Studies in Respiratory Therapy
Audio Visual Aids o .

ransparencies, Prolonged Artificial Ventilation Set

~

Outside Assignments (2 hrs)

Instructional Environvient/Design
Classroom (4 hrs '
Home Study (2 hrs)

Group/Lock Step

Instructional Guidanhce h ' o
oint out that there may be some differences of opinion about whether

. . R a patient should be controlled or assisted with his ventilation. The
T ' examples given in the lesson are guidelines that tan be foiiowed. The
_ultimate decision rests with the. physician. B
i ! . “-‘ ‘ N ' i ppe—
CATE. T2 3RS WIS .. BLOCK NO. If1 l‘vAce No: 34 ) , ‘__J
. : - ' S
» - .
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\' PLAN OF INSTRUCTION (Continucd) o
- . : . !
UNHTSTOF INSTRUC TION AND CRITERION OBJECTIVE . . D'}:‘d:},;gN SUIPORT MATERIALS AND GURISANCE
1 . : ; R . .
16. Respirator Maintenance 8 ; Column 1 Reference - . STS Reference
' _ 1 ‘ o ' ~ T6a 7 ~ %a(2]; 6d, Bc(7)
"~ a. Describe the preventive maintenance (2) 1 ]2b . o 4a§2 + 6d, 8c(7)
of' Bird respirators. - C o - 4a2), 6d .
S K ' o - Instructional Materials : -
. 7 b. Describe the preventive.maintenance (2) rd Training Manua :
‘of Bennett respirators. : Bennett Training Manual
' : R : Bird Catalog
- C. Givera tool kit satisfactogily (4) A o
dissassemble, calibrate, and-reassemble . Training Equipment
respirator. éCorrectly perform all of the items T rd respirators {5)
|- on checklist 3ALR91630-111-16c. Instructor . Bennett respirator (10}- ‘
assistance permitted. ‘ ' Emerson respirator glo E
' ° Centerbody cutaways (2) : _ .

'Trainin Methddsf' : o

Performance™(8 hrs) . o

_Instructional Environment/Design -~

Laboratory rs . m S

Group/Lock Step

Instructienal Guidance,

I Students will disassemble and reassemble the Mark 7 in order to -
better understand the mechanical} operation of the respirator.
Emphasize that inside maintenance should be done by qualified medical
equipment repair personnel. Al

. N i . ’ S
17. Related Training (identified in course 4
chart}. ‘ . ,
18. Measurement Test’and Test Cr%tique 2 )
4/ a, Measurement Test . '
'b. Test Critique ' ’ N .

— - —_— { - .
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g ] PLLAN OF INSTRUCTION (Continuad)
© UNITS OF INSTRUCTION AND CRITERION 0BJECTIVES D:JHROAJ;:;))N ) : SUPPORT MATERIALS AND GUIDANCE.A
. " : o
., 9. Course Critique and Graduation 1 . .
= - — '
a. Course Critique - ) .
b. Graduation
[} . !
4 . -
-— (o4
= hr v
- +
¢
. ~ s
.
hE
. ,
& ‘ i
A‘»" N W . "
S5 .
L)
- N ] .
- ’ 2 . 1Y
H -
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Department of Medicine
School of Health Care-Sciences, USAF

STUDY GUIDE 3ALR91630-1-3a(1)
_ March 1975
Sheppard Air [Force Base, Texas , :

-

]

. INTRODUCTION TO CARDIOVASCULAR DISEASE

0BJECTIVE ) :

Using heart models, student will identify aréas of the heart where abnonna]itias
can occur,

I3

INTRODUCTION : | o

An understanding of heart disease wil] aid the cakdiovascu]ar pu1monary technician
in the proper diagnosis and treatment of problems of the heart.

. . INFORMATION ‘
1. Briefly introduce the subject of cardiac disease,
a. Thé cardiovascular system

(1) Heart . )
(2) Blood vessels

. (3) ‘Lymphatics : K

Q b. Importance of heart disease ' ‘
(1) The leading cause of death in the U.S. - aﬂout 40 percent of deaths.
(2) Due primarily to increasing age of population. -

c. Major cardiac disorders ' \\

.

(1) Coronary heart disease, predominate]y atherosc]erotic ’ a

(2) Hypertensive cardiovascu]ar disease

(3) Rheumatic heart disease”
(4) Congenﬁta] heart disease
d. Minor cardiaé disorders -

(1) Syphilitic heart disease

a

(2) Bacterial endocarditis
(3) Myocarditis

(4) Degenerative, endocrine, metabolic, electrolyte, etc. disorders

1

This supersedes 56 3ALR91630-1-3¢c, August 1973

Designed For ATC Course Use . ¢
DO NOT USE ON THE JOB
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. 2. Cardiac_fai]hre b .

a.
. adequate c1rcu1ation for bodily needs.

b. Basic factors causing or contributing tos heart failurevj

(1) waakened heart muscle
{a) Loss of heart muscle
(b) Impairment of muscle contractility ‘ i
{c) Heart muscle uhab]e to function as an efficient pump

(d) Results from myocardial infarct or fibrosis, coronary artery insuf- -
ficiency, myocarditis, metabolic disorders etc.

-

{2) Mechanical overload which in time leads to m&ocardia] failure:

) (a) Increased resistance to ejection of blood such as due to valvular
stenosis or hypertension. i

{(b) Excessiveé demand for increased cardiac output due to valvular in-
sufficiency, or arter1ovenous shunts, or increased t1ssue ngeds {as in thyrotoxicosis).

(3) Impaired cardiac fi11ing of the heart chambers: :

(a) Cardiac tamponade - a rapid accumulation of fluid or blood in the
pericardial sac. N ‘

(b} Constrictive pericarditis - chronic scarring of the pericardium so
that the heart cannot dilate normally to receive blood.

(8) A combination of these basic factors
P N

c. Acute and chronic heart failure

(1) Acute failure - sudden onset "

L
. (a) Caused by myocardial injury due to coronary artery occlusion or by
cardiac tamponade due to hemopericardium 2° rupture of heart.

{(b) In acute failure there.is a sudden reduction or cessat1on of cardiac
output. .

\ \
(2) Chronic heart-failu;e - siow onset

(a) Most common in association with arterioscierotic heart disease, hyper-
tensive heart disease, and valvular abnormalities.

(b) It can occur as a result of any disgase that weakens the heart directly
_or causes an increased demand on the myocardium.

- 1
d. Cardiac compensation and decompensation

(1) Compensation

(a} This is present when the cardiovascular system makes sufficient ad-" -
justments to maintain adquate output.
2

Cardiac failure is a clinical state in which the heart is unab1e to maintain an
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(b) The principle compensatory phenomena are

1 tachycardia - increased heart.

i~

3

(2) Decompensation. When the

cardiac hypertroghy - increase& heart mass.

cardiac dilatation - increased heart volume. A\

adjustment just referred t\\&re inadequate then
cardiac decompensation i§.said to exist ’ .

‘e. [High and Tow output failure 4
N (1) Low output failure . )

(a) In most cases of cardiac failure the cardiac output is reduced.

(b) Myocardial infarct, aortic valvular stenosis, constrictive periéarditis

< (2) High output failure

. (a) In some cases of cagﬂiac failure
a high cardiac output.

s however, there is faitures due to

(b) Arteriovenous fistulas, thyrotoxicosis, severe anemias

_f. Left and right sided heart failure

(1) Heart failure may
the left or right side. .

(2) Left heart failure

involve the entire heart or predominantly even exclusively

-

(a). Major clinical manifegtations are associated with pulmonary edema

and congestion, '

] , (b) In severe cases pulmonary hypertension results leading to right heart
failure,

.o

(3) Right heart failure

(a) - Oftendgssociated with left heart failurgwbut does occur by itself

(b) Major clinical manifestations include

1 subcutaneous edema of dependent portions of body, e.g. ankles.

hydrothorax - pleural effusion.

fw jro

ascites - fluid in abdominal cavity.
generalized venous cbnges tion.

cyanosis.

o o &

increased blood volume (usually).

(4) Congestfﬁé heart failure - the clinical

syndrome
(usually, but occasionally acute) heart failure. .

resulting from chronic

N

-
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. . ’ . CORIEN -
Cepartment of Medicine -

J . STUDY GUIDE  3ALR91630-1-3a(2)
) ' School of Health Care Sciences, USAF . .

March 1975
Sheppard Air Force’Base, Texas 76311 _ .
RHEUMATIC FEVER AND RHEUMATIC HEART DISEASE . ¢
OBJECTIVES ' .
e List the parts of the body involved 1n\(::umat1c fever.
e Explain the pathophysiology of rheumatic Fever. _
. e List the treatments of rhexpatic'fever and rheumatic heart disease. , ,
o .
,/> INTRODUCTION - A
Rheumatic fever is a systemic (generalized) disease which varies greatly in severity
and duration, therefore a knowledge of the signs, symptoms, and treatment of rheumatic
fever and rheumatic heart disease is essential.
INFORMAT ION ‘ . *’t-
N
1. Rreumatic fever and chronic rheumatic heart disease
a. General
/ * (1) Rheumatic fever is a systemic (generalized) disease which varies greatly
in severity and duration. ' :

(2) Examples of parts of the body involved:

g e T (a) Heart - A pancarditis - i.e., pericardium, myocardium, and endocardiu
' are all affected.

1!5 :

m -
(b) Joints )
(c) Skin and subcutaneous tissues -
. ' (d) Blood vessels ° . :
‘ (e) Central nervous system ° .
(f) Lungs and p'leuraN : , J
(3) Jones criteria C E S g
(a) Major - 5
'b 1 Carditis - heart o ‘/
2 Polyarthritis - joints
3 Chorea minor - CﬁS

This supersedes SG 3ALR91630-1-3g, August 1973, |
Designed For ATc Course Use

X3
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Subcutaneous nodules
3

5 Sk1n\disease

- t

(b) Minor .
\ | 1 Fever
’ 2 Arthralgia
’ 3 Prolonged P-R interval on EKG
| 4 Abnormal lab studies, such ag’P sed rate, *C-‘Reactive protein,
LS leukocytosis ’ , ‘ .
) § Evidence of preceding streptococcq], infection.
6  Previous history of rheumatic fever.

“«

(a) Abundant evidence that beta hemolytic streptococci belonging to

[

|

- .

| ‘ - . (4) Etiology (causation)
| Group A are responsibTk.
|

: «3-\u QQ) The first attack occurs 2 to 3 weeks following the strep infection.
| (c}) It is a hypersensitivity or allergic reaction to the streptococc{.
"(5) Incidence : . \

{a) Marked dscrease during 20th century even'prior to su]fa and penicilliin.
(b) Mqre frequent in lower soc1oeconomig‘group§. )
(c}) No significant sex or racial pre@i]ection.
(d) Attack rate is 1-3 percent of strép 1Efections.

-
(aj Onset most frequent in childhood from 4 to 15 years especii]]y 6 - 10.

(b) Does occur-outside of these‘age Timits with a few evén to adulthood.

(c) Chronic forms occur through adulthood.

b. Pathology - P
(1; A collagen disease. One of the diseases in which the collagenous connective
tissues throughout the body are affected. ‘ ) ;- -

(2} Aschoff todies (nodules). These are lesions of the connective tissues in
the heart - not of the heart muscle. . 5

(3! Parcarditis - all three heart layers are involved.

(8) Endocarditis




e~

1 .
(a) Inflammation of the inner layer of the heart intluding the valves.
e

(b) There are small nodular lesions of the valves where they close on one
another. . These are called verrucde and are composed of degenerated collagen of the
valves plus platelet thrombi. E . .

’
’

. (€) There are many more vegetations on the left side of the heart where
the pressure is highest.

(d) Healing of the valvulitis occurs by fibrosis -'scar formation. Bloou
vessels grow into the scar tissue thickening:the valve leaflets. Also calcification
which causes the valves to become rigid. . ‘

, ? )
(e) As healing accurs adhesions occur between the lateral edges of the
valve cusps. ’ ¢ 3

(f) Thickening, §hortening, and fusion of the chordae tendineae.

\ (g) Final result is valve deformities. The incidence of deformity of the
valves singly and in combination.

1 Mitral . ¢
8
2 Mitral and aortic
) 3  Aortic e .
4 - Mitral, aortic, and tricuspid )
5 -Mitral and tricuspid <~_
6 Mitral, aortic, tricuspid and pulmonary .

It is very rare for tricuspid or pulmonary valvulitis alone.

I~

. {h) The most characte;?Etﬂc type of deformity is mitral stenogis. Mitra)
insufficiency is not infrequently combined with mitral stenosis. Valvular insufficienty
results from contraction of the scarred and deformed valves. .

(5) Myocarditié _
a) Aschoff bodies . , BN

¢

(

. N
(b) various types of inflammatory cells
(c) Foci of necrosis ’

-

" (d) Any of these three types of lesions may affect the conduction system
and%e responsible for various EKG changes. )

{e) The inflammation_gfadual]y subsides! and the myocardium may be left
with multiple small scars replacing the Aschoff bodies and small necrotic foci. -

(€} Pericarditic

(3) The pericardium is almost invariably affected in rheumatic fever.

-
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’ . . L
(b) The lesion is a fibrinous exudate = -an outpouring of plasma high in
fibrinogen from the vessels of the pericardium. The fibrinogen then clots on the
pericardial surfaces.

(c) A serous,exudate may be presént with or withodt‘the fibriahus exuddte.

" (d) If much fluid is Present Tecovery may ‘occur without pericardial fibrous
adhesions. ) :

(e) Frequently, however, especially when the fibrin is abundantp organiza. .
tion of the exudate leads to-fibrous thickening of the pericardial layers and pericardial
adhesions leading to obliteration of the pericardial cavity. This is known as chronic
adhesive pericarditis. -

¢
(7) Recurrent rheumat carditis
\ ka) Once rheumatic/ fever has occurred in a patient, there is a 1ikel1hood
of a recurrenge of the disease with subsequent streptococcal infections. .

- (b) With the recurrence or exacerbation of the disease there is further
damage to the valves and other parts of the heart leading to chronic rheumatic.heart
disease. ) ~ .

(c) This 1s the reason for taking sulfa or penicillin prophylactically
for years ‘following rheumatic fever. It prevents further strep infections which would -
result in further cardiac damage. . :

.

(8) Causes of death in rheumatic heart disease

(a): Cardiac failure 3
"1 Most frequent cause of death. -
N , . .
' 2 Occurs during active rheumatic fever - in children,

3 Occurs in .'p;éi usually due to the valvular deformities.
! q
(b) Bacterial endocarditis ’

1. Bacteri¥! infection of a valve damaged by thé disease.

2 Usually in young to middle aged adults. P
3 Usually sublcute in type. .
(c) Embolism 1 A _ U
1 l Emboli to the brain are most .frequent, fo]ﬁowed by kidneys, spleen,
vand lungs, ]
Usually bland emboli, 5::§§Eﬁéjj}e septic from bacterial ’

endocarditis..

3 Most emboli originate in the left artium or its appendage. This
is almost always in association with mitral stenosis and atrial fibrillation.

4 'Sudden death may occur as a result of obstruction of a stenotic

mitral orificeAby'E'ball thrombus in the left artium or by coronary insufficiency
caused by sevege aortic stenosis,

e
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PURPOSE OF STUDY GUIDES, WORKBOOKS, PROGRAMMED TEXTS AND HANDOUTS -

" !

, Study Ghidcs, Wotibooks, Programmed Texts and Handouts are training
publications authorized by Alr Training Command (ATC) for student use {u
A?C courses. . - .

g . .
The STUDY GUIDE (SG) proscnt.'thelianNIltion you need to complece
thé unit of instruction, or makes assigmments for you ta read in other
publications which contain the required information.

The WORKBOOK (WB) contains work procedures dasigned ‘to help you
achieve the learning objectives of the unit of instruction. Knowledge
acquired from using the study guide will help you perform. the missions
or exercises, solve the problems, or ansver questions presented in the
workbook. ~ . _ . S

The STUDY GUIDE AND WORKBOOK (SW) coatains both SG and WB material
under one cover. The two training publications are combined when the WB
1s not designed for you to write in, or when both SG ‘and. WB.are issued
- for you to keep. , ’ ‘ 7

The PROGRAMMED TEXT (PT) presents information in anned steps with
provisions for ycu .to actiﬁgly respond to each step. You are given
immediate knowledge of the cort.ctafla of each response. PTs may either
replace or augment SGs and WBs. v : '

The BAHDOUT‘(HD)bcon;lihs supplementaryd training materials in the
form of flow charts, block diagramé, pr case problems, tables,
forms, charts, and similar materials. s .

Training oublications are designed for ATC course use only. They
are updated as necessary for training purposes, but are NOT to be used
on the job as authoritative references in preference to Regulations,
Manuals or other oficial publications.
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ARTERIOSCLEROSIS AND ARTERIOSCLEROTIC HEART DISEASE_

~—

©

3. The typés of the b1qod vessels and their anatomyl
‘a. Arterial - carry hlood away from the heart.
b. ° Venous - carry b]ood to the heart. '

c. Capillaries - small vesse]s between arteries and veins.
d. Arterial blood vessels

[~

{

(1) Var& in size.
'(ai” Largé artery -
(b) Medium artery =~ 7 '
(c) Small artery
(d) Arterioles
(2) Layera - . ‘A
(a) Tunica intima | - - "
’ 1. .Innermost layer

2. About 1/6th thickness of wall

i

3. Endothelial layer of cells adjacent to the blood

(t) Tunica media

=

‘Middle layer

Iro
*

“About 1/2 thickness of wall
Smooth muscle .

T

Elastic tissue .

& |w

This SG supersedgs SHO 3RLR91630-I-3e, dated November-1972

”~
b
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f.

2. C]assify\artericsclerosis and describe the types.

a.

(c) Tunica adventitia-
A

‘]; 0utermost'1ayer &

'g, ‘About 1/3 thickness of wall

3. s Fibrous connective ‘tissue containing smalT bload
vessels. L

- : \ .
e. Venous blood vessels

(1) Vary in size

(a) Large vein

(bf Medium vein

(¢) Small vein / ‘ L " )

(d) Venules

(2) Layers - same as arterial vessels

Capiliariés™ I -

-
y oy [z -

(1) Microscopic size

(Zf Only an endothelial layer of ceils. No media or adventitial

Atherosclerosis .

(1)
(2)

(3)
(4)

~

Iayers.;,

o/

Py

Most common and important disease of arteries.

Affects large and-medium size arteries leaving small
arteries relatively uggffected. '

Disease begins in the intima and media with accumulation
of lipids including cholesterol. «

These 1ipids cause various degenerative changes- in the wall"
of the arteries. ‘ ' y

(a) Necrosis - death of cells in the intima and media. -

‘(b) Fibrosis - scar formation.

3

(c) Calcific deposits '
(d) Hemorrhageldnto the wall of the vessel.

5 107
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A{2) Ulcemgtion - loss of the surface.

(‘); Thrombosis on top of the ulcers or damaged intima;‘
(5)"AS a result narrowing leading to occlusion -of the artery.

- (G%ffﬂestructfon of the intima and media by atherosclerosis méy
weaken the wall to the extent that an aneurysm may deveiop.

i f(7l;4£t10109y and factors'fgvoived: - o v ‘
w(a) The final answers are not yet known. N
(b} Increases with age. )
(c) .Related to increased 1ipid levels in' the blood - buth
cholesterol and triglycerides. .

. , e \

- (d) Familial hyperlipidemias 'of 5 separate types - .

L e genetically inherited abnormalitie f .lipid metabolism.
.In 4/5 acce}erated'atherosc]ernsﬁ?%lp )

e

: .(e%§ Diabetes me111¢u§ - increased athevosc]erotip &%sease.

a

o (f) Sex related - females less atherosclerosis before

menopause thamnmales. After menopduse about the same‘;\

. (g) High blood pressure -'hypertensibh--.acceleratgs tne

i atherosclerotic process.

f; ,(8)' Important blood vessels affected by atherosclerosis - &

examples:

'

(a) Cerebral.arteries -
¢ 1. Senility _
g}l ?trpke 2
(b) Renal arteries |
L Décreased renal function | L

2. ' Infarcts - death of tissue due to vascular Ynsuf-
. ficiency. :

(c) Limbs - particularly lpwgr.’
1. Gangrene of toes

2. Cold, painful legs

.




3. Myocardial infarct .
Monckeberg’s medial sclerosis " \
(1) tess ¢bmmon and much less important than atherosclerosis.
(2) Found‘from ﬁidd1é age on. \ : ,
(3) Deposits of.calcium are found in the media of aédihm and
large arteries. The vintima is unaffected. :
(4) The affected blood vessels cén be recognized by palpation
to be hardened (pipestem rigidity) and beaded.
(5) The vessels also elongaté thus taking on a tortous cours:z.
(6)

(1)
(2)

(3)

(4)

.(d) _Coronary arteries -
| 1. Coronary

2. Arrhythmias

The hardening of these arteries may cause systqlic hyper-

tension.

Arteriolar sclerosis (arteriolosclerosis)

A widespread process.affecting>the arterioles.

The arterioles are thickened by endothe1ia1'hyperp1a§ia>
nd intimal hypertrophy: . %

| 9 i
Associated with hypertension, ‘especially in the renal

vessels.

Associated with aging, vessels other than in}tﬁe kidney.

3. Discuss coronary artery atherosclerosis and its -complications..

a.

b.

Etiology - already listed many. factors involved in atherosclerosis.

Complications in the arteries.

(2)

¢

(1) ’Decrease in size of Tumen of artery due to increased lipid

scar, calcific deposits (atherosclerotic changes) in
wall of artery. L

Hemorrhagé into an atherosclerotic plague (lesion) can cause

sudden narrowing of a.coronary artery.
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~ (3)  Thrombus formation is a common complication of athero-

(4)

(5)

.sclerosis leading to partial or complete coronary artery
occlusion. )

Embolism - rupture of an atheromatous plaque.

Site of éoronary artery occlusion. 1In a study of 1495 .
cases the distribution showed that the left coronary

artery was most frequently involved particularly the left
anterior descending branch. : / -

Left main artery 71.

L2ft anterior descending branch 834.
Left circumflex branch 211. '
Right coronary artery 379.

Complications in the heart muscle ¥

(1)

Myocérdia] infarct
(a)- Acute stages

1. Death of heart muscle.

o

2. Inflammatory cells (neutrophils andtmacrophages)
gegin to enter the tissue at the end of the 15t
day. . :

|
.

Removal of dead tissue by the cells begins at 3
or 4 days and persists until complete.

4. Fibrous repéir begins at about 12-14 days anc
continues to completion by 4-6 weeks.

(b) Late stages ,
1. The left ventricular wall will be somewhat

. thinned as there is less fibrous scar remaining
- with healing than there was muscle originally.

2. If the area of'scar‘is large in the left ventricle
it may bulge and stretch due to the high pressure
in the ventricle. With time a saclike bulge forms -
~a ventricular aneurysm.
3. Ten % or more of healed myocardial infarcts may

give rise to ventricular aneurysm. These patients
usually have congestive heart failure.

13
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Paradoxical movement of the heart may occur with
the aneurysm - the sac bulging~outwaru on systole.

Thrombi (mural) are frequent in the left ventri-
cular lumen attached to the endocardiym in the
area of the aneurysm. These may from time to
time break loose and be ejected from the heart.
These thromboemboli may lodge in any of a number
of arteries or arter101es

Types of myocard1a1 infarct.

1.
LT
2.
\.
\*.
3.

»
Full-thickness (transmural). The entire thick-
ness of the mydcardium is invelved. Also the
pericardium may be involved causing pericardit’s.
The endocardium i$ also involved. This is the
type which usually leads to ventricular aneurysm.

- Also the type which may lead to rupture of the

heart (1-3 weeks). This occurs in 8-15% of acute

‘MI! S.

Non transmural - These are often large but do
not involve the entire thickness of the muscle.

Laminar‘— This type involves‘leésvthan 1/2 of.
the thickness of the wall. Usually it is the
inner 1/2, the subendocardial portion. These

. infarcts involve, then, the endocardium and

subendocardial muscle. .

- (d) Locatioh of myocardial infarcts

1.

2.

[

&=

Almost all infarcts occur in the left ventr1cse '
and septum.

Most frequent site is.the anterlor region of left
ventricle near the apex, usually including the
anterior 2/3rd of the IV septum because of disease-
of the anterior descending branch of the left coro-
nary artery. n

Second most common site is the posterior feft
ventricle along with the posterior i/3ra of the

IV septum related.

Less commonly infarcts confined to the lateral
left ventricular wall occur. These are due to
disease of the left circumflex branch of the

left coronary artery.

i

(2) Angina pectoris

(e) Not the appropriate place to discuss .clinical features.

11i




(b) Results from inadequate oxygenation of heart muscle
usually resulting from .

1. Significant atherosclerosis of the coronary vessels.

2% Associated reduction in blood supply to the heart.
- (e.g., following heavy meal) or increase in 0,
requirement by the heart (e.g. exercise).

F

(3) Sudden death.

(a) This may occur during the course of a myocardial
infarct. ‘ >

4
©

(b) May occur in a person who has experienced anginal
attacksiwithout a myocardial #nfarct.
%, . f

(c) May occur without either (a) or (b). -

1. Some patients die with severe atherosclerosis
or c¢oronary arteries with or without an occlusion
by thrombus, hemorrhage, etc. .

e

These patients usually die of an arrhythmia -
therminating as ventricular fibrillation.

3. Although there may be an arterial occlusion
the patient died before the myocardial infarct _
had\time'to develop.

(4) - Myocardial fibrosis o
~ (a) Some patiients who never had an obvious myocardial

infarct either clinically or pathologically are
found to|have patchy fpci of fibrpsis of the myocardium.

(b) Some of the patients had anginal attacks.

(c) These patthy fdci of fibrosis represent small foci
of myocardial necrosis with subsequent fibrosis due
to chroniq progressive myocardial ischemia.

ASHD - arteriosclero

coronary. heart disea

ic heart disease - or atherosclerotic
e. '

This term is used for|heart disease resulting from coronary
atherosclerosis which includes such featares as angina pectoris,
myocardial infarct, myocardial fibrosis, congestive heart failure,
- ete. . v '
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FORMS OF HEART DISEASE .(MISCELLANEOUS)

OBJECTIVE

2

Using heaff models, idgntify areas of heart where diseases occur.

L}

INTRODUCTION : B

An understanding of Forms of Heart Disease is essential in the diagnosis ‘and treat-
ment of a patient. This complex pump has many areas in which problems can arise, and as

CP techs, we must be able to diagnose and tre

INFORMATION ~ °

at these problems.
|

The student will identify and categorize Forms of Heart Diseasex

1. C6ngen1ta1 Heart D1sg@se

a. There is a wide spectrum of anatomic
several and gone over the physiology of conge
Obstruction to left and right ventricular out
what is really important is to realize that t

‘ .
malformations. We have already mentioned
ndtal aortic stenosis and pulmonic stenosis.
flow tracts may be at several levels and
here is obstruction to ventricular emptying.

Further evaluation of the exact level can then be wo&ked out with the aid of the specialized

diagnostic procedures.

b.- There are two fairly frequent forms of congenital heart disease which you are

apt to see, especially in the younger»aduits.
11) Atrial septal defect
(a) Although the physiology of

A

any type of ASD is the same, there are

certain features, especially'electrocardiographically, which help distinguish them.
Physiologically, ASD imposes a volume overload ogythe right heart and pulmonary circuit
i

without involving the left heart. To help clar

this, let's look at the circulatory

pathway. Blood is returned from the periphery to the right atrium in the normal fashion

through the superior and inferior venae Cavae

. During diastole the right ventricle

receives the blood from the right atrium and during systole, ejects that volume of blood °

to the pulmonary

terial system. The blood is then returned via the pulmonary veins tc

a

the left atrium. )?t,can either go through the mitral valve into the left ventricle or

it can go across the ASD into the right heart. The major determinate of flow is the
distensibility characteristic of the receiving ventricle. Since the right ventricle is
thinner and more distensible than the left ventricle, its diastolic pressure is several

mm Hg. less than that of the left ventricle and hence, some of the left atrial blood
crosses the atrial Septuﬁ and is delivered to the right ventricle. Therefore, there is a -
short circuit of blood which is simply going from RA to RV to PA to LA and back to the
right heart again. Now we can see that the basic physiolo jc effect of ASD is left to
right shunting at atrial level with consequent volume over oading of the right heart,

Another physiologic effect of ASD is that the

amount of left to right shunting (always

diastolic) is exactly decreased by the same amount that venous return is increased by

_inspiration. Therefore, right ventricular volume is increased but constant and Pz is

delayed but does not have respiratory variation - fixed split of Sz.

“

This supersedes SG 3ALR91630-1-3i, July 1973

0
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(b) The murmur of ASD has nothing to do with the defect in the atrial septum ¢
because, as we have said, left to right shunting occurs in diastole and the murmur of ASJ
s systolic and is recovered in the pulmonic trunk. I[ts genesis is that of “relative"
obstruction to right ventricular emptying due to the greatly increased right ventricular "
volumes. The clinical signs of ASD therefore include:

1 Fixed splitting of Sp.t
- i . -
2 A mid-systolic murmur across the pulmonic valve.

3 Increased force of right ventricular contraction, due to the increased
volume. Consequently, you easily feel a right ventricular impulse at the lower Jeft
sternal border, ) ‘ »

4 Also, because of increased flow, the pulmonary trunk dilates and it '
too is palpable, in the 2nd left intercostal space. ‘

. (c) X-ray would be expected to show an enlarged pulmonary arterial segment
gg t with increased pulmonary arterial markings (shunt vascularity). The right heart may be
enlarged with crowding of the retrosternal space on lateral film. .

(d) EKG may help to localize the defect but that will be discussed when
we cover EKGs next semester.

1 (2) Ventricular septal defect.
(a) The physiological consequences of this lesion are quite different ‘from ¢
ASD. The circulation ¥s traced in the following statements. During systole blood is
ejected into the pulmonary artery and refurns to the left atrium via the pulmonary veins.
' During diastole, the left ventricle fills, but now, during the next systole, blood has
two avenues of egress from the LV - out the aorta or through the VSD into the right )
ventricle. Since the pressure in the left. ventricle is higher than the right, blood
shunts across the septum (only during systole) into the right ventricle.

o (b) Again, we have a short circuit, but now it involves the LA, LV, RV, °
and PA but not the RA. In each of these chambers we have volume overload and may have

resultant hypertrophy. In addition, the PA now has both a pressure and volume overload,
and pulmonary vascular changes resultant much more frequently with VSD than with ASD.
Because the atrial septum is intact, there is no compensatory mechanism for handling
increased venous return/with inspiration and P> moves normally. The dlinical signs of
VSD therefore include: b

1 A holosystolic mutmur at the lower left sterfial border - with normal
pulmonary artery pressures. As PA pressure increases, the murmur shortens and may become
early systolic with fixed pulmonary hypertension. The murmur is generated across the
defect itself. ' .

2 Normal respjratory variation of Sp.

3 Increased RV impwlse and increased LV impulse - sustained left
ventricular hypertrophy. o0

[
4 Pulmonary trunk may be palpable. due to dilatatidh with increased flow.
5 May'have clinical signs of pulmonary hypertension and if RV pressure

is greater than LV, flow may be reversed (right to left) with resultant cyanosis,
(Eisenmenger reation) :
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(c) X-ray would agqin show shunt vascuiarity and increased riqht heart but

1n addition may show left atrial

(d) EKG mayéshﬁw

(e) Many smal1%ySD5 close spontaneously as the ventricular septum grows

Therefore, we follow children wi

Jecting them to operative closure. -

"lead to much earlier operation

Summary

LA and LV,

Holosystolic murmur or earl

Hyperdynamic RV plus LVH, nprmal splitting of Sj.

2. Pericard1a1 Disease - befo

pericardium is reviewed in the following statements.
membranes - one immediately surrounding the ep1card1um - the visceral pericardium, and -
- on€ surrounding the entire heart and base of both great vessels - the parietai pericardium.

Between these two layers of peri
approximately 5 cc. of straw col

of the pericardium several broad categories should be covered.

“35 Infiammato#y diseases of the pericardium covers the gamut of 1nfectious and auto

VSD. imposes volume and pressure overioad to the PA whiie on1y a volume overload to the

Pulmonary hypertension 1ea:L to RVH and reversed shunting - c1inica1‘syanosjs.

) 3

nd left ventricular dilatation.

bfventricular hypertrophy pius left atrial hyperterhys

th VSDs for many years (8-12 years of age) before sub-
Evidence of progressive pulmonary hypertension would

2
- &

»

systolic depending on PA pressures. °

the pericardial disease, the anatomy of the ngrmal
Basically, iticonsists of two thia

cardium there i$ a potential space which is lubricated by
ored pericardial fluid. In rev1ew1ng disease COnd1t10n‘

.

immune disea ~ Their clinical
cardium afth
laboratory.

and suggest the diagnosis which
studies. The patient -is general

(1) It is a sharp, std

generally is localized, without+£adiation.

made worse by lying down and so
is viral in origin, the patient
origin. On auscultation, there

gh it may be verydifficult to determine the exact etiologjc agent in the
Several features of

expressions are quite similar with respect to the peri-

the clinicail syndromeﬁof pericarditis are quite specific
can then be confirmed by some of the special d1agnnstic
ly brought to your attention because of chest.pain.

bbing pain substernally or -over the left precordium. fi
It is constant but very characteristically is
what relieved by sitting up and leaning forward. If it
may have had the prodromata or a recent URI of viral

js a friction rub sounding similar to a pleural friction

rub but not having respiratory .\
which are inflamed, rubbing tog
any of the three components may

ariation. This is caused by the two pericard¥al membrenes
her. The rub may be systolic, diastolic and/or presystolic -
e present-or all three may be heard 51mu1taneous1y

" {2) Benign viral perigarditis is the most common etiology but others such as
bacterial, fungal, tuberculosis or metastatic must be considered. There are usually no
“immediate physiologic sequelae to the pericarditis and some types, associated with a
systémic il1ness such as lupus rythematos1s or uremia, carry the prognosis of the under-
lying disease process.

b. Constrictive pericarditis is a late complication of pericarditis and may or may
not be calcific. Tuberculosis, ps the prototype of constrictive pericarditis, calcifies
as the years progress and healing takes place. Tight constriction of the pericardium inay’
impose a great burden on the he dynamics of circulation because it does not allow the
normal distensibility of the cardiac chambers and intracardiac pressures rise secondary
to external compression of the heart by the constricting pericardium. This is especially
prominent during diastole when the ventricles normally distend with venous return. The
clinical signs therefore include:
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(1) Marked increased. systemic venous pressures with hepatic engorgement, asciiis
and pedal edema.

~

(2) Pulsus paradoxicus - fall in arterial systolic pressure with inspiration

“» greater than 10 mm Hg.

|

(3) Kussmaul's sign - inspiratory increase of the JyP and cervical veins.
(4) X-ray may be helpful in demonstrating calcium in the pericardium.

Cc. Pericardial effusion.may have very few clinical signs, especially if it has beer
, gradual in accumulation and has not caused hemodynamic’changes by restriction of ventricular
diastolic filling. The physical signs of pericardial effusion are: 5

O

<

(1) YQuiet pre rdium with distant heart sounds.

(2) Marked increase in cardiac sullness, with dullness to the right of the
sternum (Rotch's sign)

Multiple etiologies are also important to recognize when evaluating pericardial effusions
but the most frequent ones are tuberculous, viral, -neoplastic, uremic, or collagen

- vascular in origin. X-ray is quite helpful because the heart shadow (all water density)
is very enlarged and globular. ' It is often symmetrically enlargad and water flask in
shape. Treatment. incTudes therapy of the underlying process and pericardial aspiration
(pericardiocentesis) if hemodynamic changes occur or for diagnostic studies.

d. Cardiac_tam onade is an acute medical emenqency and combines the features of
.constrictive. pericargitis and pericardial effusion. The etiology is that of sudden flu.d

-accumulation in the pericardial-space with constriction and compression of the heart

- chambers~<_especially the ventricles. This results commonly from trauma -~ knife wounds,
bullet woun

ruptured dorta - with bleeding into the pericardium. It is also one of

the mechanisms sudden death in myocardial infarction secondary to ventricular rupture,

() Clinidgl signs are varied and the conditions surrounding the sudden vascular’
collapse tip you off to the possibility of tamponade:

(a) Clinical setting important - trauma, aortic dissection, several days
post M,I. - especially if patient is in sinus rhythm.

Ab) Cervical vein signs may be absent. Too sudden an appearance for
systemic venous congestion. :

(c) Quiet precordium with distant heart sounds.-
(d) Marked fall in arterial B.P. and quite possibly shocka,
‘42) The therapy is two-fold, aspirate the pericardium and stop the bleeding.

By leaving a tube in the pericardium blood cannot accumulate and although bleeding persists,

pericardial’ tamponade is prevented.

3. Myocardial Disease. Prima?y myocardial di§§§se or myocardiopathy is a nonspecific
‘term used to generate the concept that the main problem is one of mycardial dysfunction - ~
becasue of intrinsic disease of heart muscle itself. It is unlike valvular heart

disease where pressure and/or volume changes impose a burden on the myocardium because °

it is called upon to function at a higher level than it can sustain without failing. It

is also distinct from coronary artery disease in which the basic problem is poor perfusion
of the myocardium because of a disease process which is extramural in nature. Primary
myocardial disease is a diffuse disease involving all four chambers of the heart in such

e
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‘a manner that the distensibility characteristics of the chambers are altered. There are
three broad categories fhe myocardial disease falls into obstructive, congestive, and

infiltrative, )
. e

a. Obstructive cardiomyopathy is included in the classification of primary myocard*al
disease because the ventricular myocardial hypertrophy is ‘the initiating change responsible
for hemodynamic alterations. As previously discussed, IHSS is disproportionate septail
hypertrophy causing obstruction to left ventricular emptying. Therefore, it imposes a
pressure load on the left ventricle and all of the physiologic correlates that implies.
Because of marked septal hypertrophy, the right ventricular outflow tract may also becoine
obstructedyimposing a pressure gradient on the right ventricle, with all its physiologic
correlates (Burnheim syndrome). p ’

N
b. Congestive cardiomyopathy implies that'because of the basic disease process
involving the myocardium, the ventricular muscle has become nondistensible, compensation
. via the Starling mechanism has been exceeded -and failure has ensued - usually biventriculir
‘failure. '

(1) The physiology is that of combined ventricular failure with both pulmonary
venous and systemic venous congestion. - Because of biventricular failure, there then is
a tendeaéy’to peripheral venous stasis and venous disease with consequent deep vein
\ : thrombosis and pulmonary emboli. Because the underlying process involves:all chambers,
< including the atria, patients are prone to atrial arrhythmias, especially atrial pibxilla-

tion. With the loss of mechanical atrial contraction, stasis can develop with cdnsequent
trial thrombi. Right atrial thrombus can lead to.pulmonary emboli, while left atrial
. thrombus can lead to systemic emboli.

e (2) Clinical findings in patients with primary myocardial disease of the con-
gestive variety are those seen with any etiology. of biventricular failure. The diagnosis
is suggested in a patient with biventricular failure who does not have valvular heart
disease or coronary artery disease. Sometimes this is not -an easy distinction, especially
seeing the patient for the first time, because the murmurs of mitral regurgitation and/or
tricuspid regurgitation may be present dug to ventricular dilatation. One of the more
difficult differential diagnoses to makeu$§xfhat between PMD and coronary artery disease

without clinical angina.

, (3) The etiology of congestive myocardiopathy or primary myocardial disease
is often quite difficult, if not impossible, to ascertain. There are many specific
causes of PMD and it is most important to try and search out the inciting process so
that specific therapy can be instituted. ' . v

- {4) The general therapy of congestive PMD includes rest and the usual treatments
of salt restriction, digitalis, and diuretics for CHF. If arrythmia is present, it should
be treated and anticoagulants-used for pulmonary or systemic emboii. Sometimes the anti-
1nf1am§atgry effects of steriods are very heipful if there is an active, noninfectious,
myocarditis. ;

c. Infiltrative myocardiopathy causes physiologic impairment by replacing myocardial
cells with foreign substance. The common mechanism for all of these disease-causing
problems revolves around the marked loss of normal distensibility of the cardiac chambers.
In addition many of thesn processes involve the conduction system in such a manner as ]
cause marked conduction disturbances and high degree A-V blocks. Unfortunately, most of
the infiltrative diseases are not amneiable to curative therapy but steriods are very
effective in sarcoidosis and chemotherapy may be very effective in neoplastic infiltrative
myocardiopéthy. =~ ' L . ‘ e -
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ETIOLOGIC CLASSIFICATION GF ACUTE PERICARDITIS

Acute idiopathic or nonspecific - ‘ o - i

Specific infections:

a.  Bacterial (staphylococcal, meningococcal, streptococts], pneumococcal, B
gonococcal) . e
Fungal (histoplasmesis, actinomycosis, nocardiosis, toxop;asmosis) )

c. Viral (Coxsackie B, influenza, §CH6)

d. Tuberculosis . |

e, Miscellaneous. (syph111t1c gurmatous pericard1t1s, parasitic disease, especially

Echinococcus and Cysticercus)

Connective Tissue Disease‘rheumatbﬁd disease, rheumatic fever, Systemic Lupus
Erythematosus. scleroderma, periarter1t1s nodosa. - .

Uremic Pericarditis : N " .

. Primary or metastatic neoplasm including l1ymphoma, Iéukemia. melanoma

Post radiation pericarditis i D
Acute myocardial infarction

Post myocardial infarction syndrome
Post thoractomy:syndrome N
Trauma - penetrating or nonpenetrating ) &:

Aortic.aneurysm - rupture of dissecting or nond1ssect1ng aneurysm into the pericardiac
space

Drug associated - Hydralazine, Procaine amide, Isonizid ' R

-~




Etiology

t.
2.

‘PRIMARY MYOCARDIAL DISEASE

13

Idiopathic.«(unknown etiology)

Specific etiology

Infectious (viral, bacter1a1. mycotic, parasitic, protozeal, rickettsial)

Metabolic (hyperthyroiagrhypothyrbid, pheochromocytoma, nutritional, electrolyte
imbalance, anemia) -

Toxic (emetine, carbon tetrachloride, bicterial toxins, others)

Infiltrative (malignancy, sarcoid, hemachromatosis, amyloidosis, gTycogengstorage
disease) T ”

Collagen diseases

‘Neuromuscular disorders (prbgressive muscular dystrophy, dystrophia myotonia,

Friedreich's ataxia).
Pregnancy and-postpartum state

Cbngenita] or familial myocardial disease
Miscellaneous - endocardial fibroelastosis, endomyocardial fibrosis, alcoholic
myocardiopathy, hypertrophic muscular outflow, tract obstruction (obstructive.
cardiomyopathy), hypersensitivity, traumatic myocardial injury

. 3 '

DIFFERENTIATING FEATURES OF PRIMARY MYOCARDIAL
DISEASE AND ARTERIOSCLEROTIC HEART DISEASE

Features s Primary Arteriosclerotic
< = ' ~ Myocardial. ) Heart Disease
* Disease _
Age ' E : 3 .. Any age - » bver 40
Sex e i Equal Predominantly males
Angina pectbris - Occasional . : ' Frequent u
Angina pectoris without CHF Rare g - Freguent
EKG~1nf;rction pattern Occasiona{ Frequent i
vInférction attern with Rare . . ‘Freduent

normal or,sTightly
enlarged heart
N
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. TREATMENT OF PRIMARY MYOCARDIAL DISEASE
1. Rest o LT R 3
n : : ) . . {
2. Usual treatment for congesfive heart failure \\ : , R
a. Sodium restriction . . T ;
* b. Digitalis . - o
c. Diuretics’ ’ : ) IR -
> o -
3. Treatment for arrhythmia RN
i 4. Anticoagulants for pulmonary or peripheral embol{ ‘ v L . Lo 2
5. Steriods. ‘ ‘ 7 T
o . ' ' .
J
V4 - »
. -
v J s
- .
Y o
~1
=4 ﬁ ) |
_ Qv
o .
' 121
8. 3 «
w9 : )
ERIC .~
. - o ~ [‘& N




e B

. A . .
‘\ A ; ’ .

S e T

;
4
3

° k!
' . :
- ‘ - S
. Department of Medicine ‘ ' " HANDOUT 3ALR91630-1-3b
’ School of Health Care-Sciences, USAF v _ February 1976
Sheppard Air Force Base, Texas 76311 . o P "
L . _ CONGENITAL CARDIOVASCULAR DISEASE 1
. . 1
i T © o . Pa \i o ) E
) 1. _The common congemi tal abnormalities of the great arteries. J
) ‘a.  Patent ductus arteriosus (PDA) , | v ;
. : N ’ . ' : . e A 3,
v s . (1) The ductus arteriosus is a vessel in the fetus which shunts blood from the
o ) ~right side of the circulation (pulmonary artery) to the left side of the !
Co » v - circulatiop (sorta) below the 3 great vessels of the arch. , e ]
- - () Normally, the ductus ‘arteriosu'sj bogiv%'to close soon after birth and is d

. W - . completely closed within a few weeks months. o

-3 ’
. . .

A

. .

L (3)  If the Juctué is open pasi 3 months after birth it is know as a patent
v ductus arteriosus. s

s _—

(4)  The dugtus not begng-closed allows for a left to right shunt of blood. : j
. Mm$ "“"1‘,, rtery. ' : -

- i
-5

,(5) Therefore, there is inc

reased blood Flow through the lungs, left airimn,'
.and Yeft ventricle. ¢ - '

3

(6) This results'in increase in size of the left heirt,to accommodate the -
increased blood-flow - volum hypertrophy. o

o {7)  The high pressure blood from the ssrta reaching the low pressure’ pulmonary
. artery may lead to pulmonary hypertansion.
¥ (8). Pulmonary ﬁmrt;nsjon causes hynnnphy of the right ventricle -.a
% pressure hypertrophy. - :
(9) Eventyally, there may be a reversal of the «irection of shunt from.
L R to R = L. NP ‘
(10) At this point venous (unoxygenated) blood enters the arterial system
causing cyamosis. . N : R
THis Supersedes SG 3ALR9T630-1-3b, August 1973. . .
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b. cOarcfatinn of the aorta
(1)  Coarctatfon s a narrowing of the aorta.

. ~ (2) The area of importance is that of the Teft subclavian artery oriqin and
the entrance of the ductus arteriosus.

(3) There are several types of coarctation: .

(a)  Fetal
N ) (b)  Transitional T
(c) Adult - onl;v type to be discussed here. : o
(4)  Adult coarctation
“ (a)  The point of hlrrowing is just proximal, at, or just distal to the
ductus arteriosus. . ‘ '
. (b)  The ductus arterfosus ﬁny also be patent. °

(ci Increased pressure in the segment of sorta proximal to the
' ' coarctation. There is hypotension distal to the coarctation.

' (d) There is pressure hypertrophy of the left ventricle and sometimes
. also left atrium, - '

£l

(e)  Also, collateral blood flow by nyltipié anastomoses brings blood to
’ the lower portion of the body via intercostal arteries, internal
mamary arteries, and dorsal scapular arterfes. =

2. Common congenital abnormalities of the heart
a. Atrial septal defect. (ASD) ’

(1) At times there may be a defect or hole in the septum between the atria.

(2) There are three types of atrial septal defect related to the embryologic
' development of the heart. Only one will be discussed.




Cage

“
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(3)

(m -

(2).

(3)
(4)

(5)

(6)

(7)

present.

ASD, fossa ovalis type.

(a) The §Mmt is left to right, 1.e., left atrium to right atrium.
This is because pressure in the left atrium is higher than in the
right atrium, ,

(b)  The right atrium and right ventricle show volume hypertrophy. There
is enlargement (dilation) of the tricuspid and pulmonary valves and

. the pulmonary trunk.

—

(c) The left atrium and left ventricle may be smaller than normal, as
mey be the mitral and aortic ulve_ orifices.

(d) ~ Reversal of flow, i.e., right to left shunting is very uncommon.

- Ventricular Septal Defect (VSD)

Defects may occur anywhere<in the interventricular septum but there is a
predilection for the subaortic area.

Many of the defects are in the sﬁnortic area are in the membranous. portion
of the septum. . o

>

Some Qo’focts are in the muscular portion of the septum.
These bcg.in as left to right shhtt.

Volume hypertrophy of the right ventricle, pressure hyperti-ophy ‘of the
right atrium, volume hypertrophy of the left atrium and left ventricle are

- .

Enlargement of the pulmonic and mitral orifices.
B

There is frequently a reversal.of the shunt to right to left as t&ﬁ ah*
ventricle becms. very hypertrophic. .

Aortic Stenosis : -

(1)  There are three typés:

(b)  Subvalvular

’

{a) Valvular




(¢) . Supravalwular
(d) Several varieties of each of these types

(2) Without considering the ‘types or their varieties - we will consider the
affect produced by all of them. ’ _

(3)  Pressure hypertrophy of the left ventricle.
d. Pulmonary stenosis
(1) Two types
(a) Va‘lvu‘l:ar» - most common
, (b) ‘ .Subvalvular - uncommon
(2) Pressure hypertrt;phy of the right ventricle.
(3) Often poststenoﬁc'mitat;én of the pu'lm;ury trunt..

/

(4)  Here we are of necéssity. only discussing a valve which throuoh stenotic
allows enough blood flow to the left side to maintain 1ife.

3. . Common congenital anomalies of the great vessels and heart combined.
a. Total anomalous pulmonary venous drainage

1) 'Nunerous forms - here we will only consider the direct fdm without
pulmanary venous obs_j:ructiou. :

(2) - In this anomaly all the Eu‘lmonlry veins enter the richt atrium. The veins
actually enter a pouchlike structure which then enters the riaht a‘triun.% .

3) There s -always an atrial septal defect of the fossa ovalis type with a
right to left shuht. ,

(3) Pulmonary hypertension is usually found.

(5) Pressure and volume hypertrophy of right atrium _ind right ventricle,

+ 125
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s (6) Enlargement of the tricusp%d and pulmonary orifices and pulmonary trunk.
b

(7) The left atrium is small. Yhe left ventricle may be normal or small,

R

. . Transposition of the arterial trunl‘(;.‘ 7.

! .
(1) There are 4 basic common fon#; of transposition:
|
(a)  Complete transposition |

(b) Partial transposition uié\h pulmonary stenosis
(c) Taussig-8ing complex \ 0
(d) Tetralogy of Fallot \

r

(2)  Transposition is an anomaly in wh
respect to the pulmonary trunk.

ch the aorta is abnormally placed with

(3) zly the complete transposition tetralogy of Fallot will be discussed

re.
(4) Complete transposition

» ’

'(a) The aorta emerges from the r it ventricle

=3

* (b) - The pulmonary trunk emerges from the left ventricle

(c) There must be and are various Shunts available. VSD, ASD and patent
ductus arteriosus are the usua 7spmts.

(d)  An ASD if present is usually left to right
(e) PDA and VSD are variable in direction of shunting
(f) Pressure hypertrophy of the right atrium and right ventricle.

(g) May be volume hype “trophy of the left side.
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C.

Tetralogy of Fallot

(1)

(2)

(3)

- (4)

(5)

(6)

‘The tetralogy is
" (a) Pulmonary stenosis

"(b) Right ventricular hypertrophy

(c) Ventricular septal defect

(d) Overriding aorta

_The. pulmonafy stenosis is ih the iﬁfundibulunmand may also be in the valve.

The overriding aorta refers to the aorta straddling the interventricular
septum over a defect in the septum. The aorta actual ly emerqes from both
ventricles. The pulmonary trunk emerges from both ventricles. The pulmon-
ary trunk emerges from the right ventricle.

There are two types of complexes - a cyanotic type and an acyanotic type.

The e types depend on the degree of pulmonic stenosis and size of the VSD.

Cyanotic type

(a) Pulmonary stenosis 'gs ﬁredonina_nt

(b)  Pressure hypertrophy of the right atriuh and ventricle

(c) Decreased pulmonary blood flow _

(d) Smaller than usual left atrium and ventricle °

" (e) A right-to-left shunt at the ventricular level ' A .

Acyanotic type
(a) Pulmohary stenosis 1s relatively mild and the VST nredominates

(b) A left‘&to’-?ight shunt at the ventricular level with increased pul-
monary blood flow and increased volume on the left side.
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(c) Pressure and volume hypertrophy of the right ventricle

o (d) Pressure hypgrtrophy of “the right atrium

(e) Volume hypertrophy of left atrium andvventricle

(f) Enlargement of mitral and aortic orifi ces

NOTES: .

4

.
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.
A PURPOSE‘Of STUDY GUIDES, WORKBOOKS,| PROGRAMMED TEXTS AND HANDOUTS 25’

Study Guides, Workbooks, Prbgra d Texts and Handouts are training
publications authorized by Air Training Command (ATC) for student use in

ATC courses. : 4 N,/
The STUDY GUIDE (SG) presents the information you need to complete ’3
the unit of instruction, or makes assignments for you to read in other {
publications which contain the required information.

. The WORKBOOK (WB) contains work progedures designed to help you
achieve the learning objectives, of the unjt of instruction. _Knowledge
acquired from using the study guide will help you perform the missions-
or i;erﬁises, solve the problems, or answer questions presented in the
WOrkbook.

4 The STUDY GUIDE AND WORKBOOK (SW) coptains both SG and WB material

under one cover. The two training publications are combined when the WB
is not designed for you to write in, or when both SG and WB are issued
for you to keep. o .

P .

ThEJbBOGRAMMED TEXT (PT) presents information in planned steps with
provisions for you to actively respond to each step. You are given
immediate knowledge of the correctness of epch response. PTs may éither
replace or augment SGs and WBs. ‘

The HANDOUT (HO) contains supbﬁementa § training materials in the
form of flow charts, block diagrams, printouts, case problems, tables,
forms, charts, and similar materials. '

Training publications are designed for|ATC course use only. They .
are updated as necessary for training purposes, but are NOT to be used “
on the job as authoritative references in preference to Technical Orders
or other official publications.
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* BASIC ATOMIC THEQRY

OBJECTIVES

k]

a. Describe the structure of an atom. _

b. Differentiate between a compound and a mixture. .

€. Define the units of measurement ;f electric current. Ty

d. Differentiate between an insulafor, conductor, and semi-conductor. . g
e. Identify the heat, shoék, andimagnetic‘effects of electric current. |

INTRODUCTION

This Study Guide/Norkbook was prepared as part of a programﬁed lecture; Later in
the course you will study, among other things, the interactions between atomic particles

which result in the production of x-radiation; formation of an image on a radiographic
film; radiation protection for patients and yourself. Basic atomic theory will essist '
you in understanding these and many other pojnts. : . - :

INFORMATION - -

Exercise 1

1. Study the illustration below and identify the different parts of the atom.

-

—
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Aruitoxt provided by Eic: -

EXERCISE 2:

The structure of the atom is identical to the solar systems.

b. Thé,nucleué\has a positive charge.
— . ¢ Electrons are locagdﬁ':z:h!nkthe ngcleus of the atom.
—_d. Electrons have a negative charge. A —
- €. Electrons revolve in fixed orbits aroun& the nucléus of the atom.
... £. The nucleus is madé up of protons and neutroms.

g. Neutrons have a positive charge.

.
b

1. £111 in the maximum number of electrons that
each shell can hold. ‘ . >

=~

Study the illustration below and

<R

Answer the questions below, True (T) or False (F).

2.
- a. The hydrogen atom consists of 1 proton and 1 efectron.
R Y -
b. The second shell on an atom is identified as the "L" shell.
.c. The maximum number of electromns in the next to the outermost shell
is 8.
_ d. The outermost shell is called the valence shell.
. . - | PR vl
! e. The maximum number of electrons in the valence shell is 8.
.~
v \
-~
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2 , .;
. , -
\\




e 8
o EXERCISE 3: . o : . ' i
1. Answver the questions below as, True (T)io;\l-‘}]rse (F).

- ‘ ‘_ ' ".v a. Unl;l.ke charges repel. o : ’ : L \

b. A neutral atom has an equal number of electrons and neutrons.

c. A positive ion has a surplus of electrons. '

/
d. If an atom gains an electron it b_ecomes a negative ion.
Y ' *
% ' . € The number of protons in the nucleus of an atom detemines its
. ‘ . atomic number (Z)
W o £ The nunber of electrons and protoné determines the atomic weight or
. mass (A) of an atom. P o :
2, Stludy the illustration below, then answer the‘~ questions that follow. _
’ 7 N .
- 00N 0 , -
‘ | ] .
A ! A
¥ ® \\ : 7! .
'/& - \\‘ @ “®
. .
a. How many electrons are in this atom? ’ o . 5
b. 1Is this atom neutral?
c. What is the atomic weight (A)? L , {
‘d. What is the atomic huuber (z)? ! ~ . " -
e How many electrons are in the valence shell?
f. 1Is this-a negative or positive ion? o s
o 8. Where:is most of the weight of the atom? ' .
.J
- -
&, ’V °
& <
€ ~
z
&
133 -
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EXERCISE 4:

. I Match each ‘term 1in column A with the correct definition from column B.
A - Terms - : ' B - Definiticns
aj\gElement ~ . L. Anything which occupies space and has weight.
‘b. Matter ! 2. A substdnce which is made up of the.same kind
‘ of atoms. i
c. Atom . T S

" 3. The smallest part of an element.
. 2. Answer the questions below, True ﬂT) or False, (F).
d. The bones in the body are NOT made up of matter.

b. All matter exists in a solid state.

‘4
. ¢. Liquids are a form'of matter.
. d. Matter made.up from one type qf atom is called an element.
e. An element cannot be separated into different substances exeept by
" nuclear d181ntegration ‘ .
N EXERCISE 5: )
- Study the illustration below and answer the questions, True (T) or False F)..
—Elemants ‘Atom Atom Atom  Compound
wvossst ~O prvan “Wvorsecw owvéen -
; ! '@\\ ) T l’-\ Ie:‘g:é LR ,"‘.\ﬁ.’: N V‘-\‘
0000 (@Y IIRY s L O8WID
- - ~ 4 NN ’ S L —
\e,\ - b e h Q.8:@
_~e- -
. N o™
a .- ' ‘
a. ‘A substance made up of one type-of atom is called an element.
b. One molecule of water is composed of 2 atoms of hydrogen and one atom of
- oxygen.
c¢. Water is an element. ‘ : .
d. An element is a combination of different atoms.
i e. A compound is combosed of more than one element, chemically combined.
"\ B .
_£. A mixture can be separated into. its elements by mechanical means.
_ /
g Water is an example of a compound.
h. Sugar dissolved in water is an example of a mixture.
L 134
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REVIEW
EXERCISE 6:

I. Study the illustration helow and idcntify the different parts of the atom,

»

2. Study the illustration of.the atom belbw. Tizen answer the questions that follow.
-~ . N B

. The "8P" and the ""TN" represent the number of protons and neég’}ons in the nucleus,

&
4

0l v

\ i ;!

o ® =7

: Y ‘ N %/@

a. How many shells are there in this atom?

N

b, The first shell is identified as the ) __shell,

c. The second shell is identified!as the » . ' ] . shell,

d. Which shells are rhi'ssihg from this atom?

e. Does the number of protons in the nucleus equal the number of orbiting
electrons? - N

f. Do the 7 neutrons have any effect on the electrical charge of the protons or the
electrons? . L '

] ) -
o, ) ' g. Can the protons and neutrons be separated by ordinary means?
i

h. What particle of the atom rotates around the nucl‘.eus'.’

.

i. Where is most of the weight of the atorh found?
¢

j. Draw the symbol for a proton.”

¥

k. Draw the symbol for a neutron.

»

1. What particles are found in the nucleus?

| v . .
’ ‘ B B . = . L3
‘ . m." What is the maximum number of electrons contained in the valence shell of any
" atom? . ~ _ :
. N s ° ) Y
. /7
. - . 5
N e ° 1 3 :) ) ‘
3 ‘ o ) ) ’
' : o M
. \)‘ ‘ . ) . . . . ‘v

Aruitoxt provided by Eic
] .
. ) . '




" 'n. What is the atomic wught of an atom conta1n1ng 8 neutrons. 9 protons, T : 7&
. and 9 electrons" . : ' B

0. What determines the atomic number of an atom?

" 3. Study the illustration below and answer the followmg quest:ons » True (T) or
False (F‘) .

a. Theé atomic weight of this atom is eight (8).’

~_b.” The atom illustrated is a positive ion. o - o : . O
‘c. The "L" shell of this atom is called the valence shell. . $
- ‘ ‘ . -~
. d. The atomic number of this atom is 15, v Y
4. Match each term in column A with the correct definition from columnB. ) . § »
A - Terms ' B - Definitions :

a. Elemsnt‘ s 1. The number of protons in the nucleus of an __

' ' , ' “atom.. . . '

b. Matter § K ,
» 2. Anything that has weight and occupies space.

c.. Compound
. : ' 3. A substance composed of two or more -
\ - _d. Mixture - elements,

e. Molecule 4. The number of protons and neutrons in the
-nucleus of an atom.

f. "Z" number .

. 5. A substance composed of two or more

. g. "A" number elements NOT “chemically combined.

6. The smallest part of -a compound that can
be 1dent1f1ed as that compound. '

7. A substance made 'up of one type of atom.

ERIC - e
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_EXERCISE? o ‘ E : — .

1. Anwer the que-t:ione below, True (T) pt False' (r)

. —_a. An atom must have 5 or mozre valence elecﬁrona to be considered-
o chemxca.lly stable. : .
_ w o ‘
b. An atom with an-atomic numbeér of 2 must have 8 valence electrons m
order to be considered chemically stable,

c. An atom with 8 valence electrons is chemically stable. .
d. The maximum number of valence electrons cannot exceed 8.

e. Two unstable atoms can form a stable compound if the valence elzctrons
add up to a total of 8.

) '
2. Study the :lllustrat::lon below and ansver the following questions, True (T) or

False (F). oo So0Ium Eunmr + Cuwomue El-uu.rj-

‘

“ . 2 agemy :
a. The atoms illustrated will readily combine to form a stable comnound., ]
b. The '"M" shell of the chlorine atom is called’th&v valence shell,
- The "L shell of the sodium atom is called the valence shell,

14}
EXERCISE 8:

1. Answer the questions below, True (T) or False (F).

a, Loosely bound electrons can easxly become free electrons.

b. An atom that has 5 electrons in th’é'jalence shell gives up its electrons
easily, . .

€. If the movement of free electrons is controlled by an outside f':;:ce, an
electric current is produced.

d. Electrons are attracted by positive poiarity.

e. An electric current is caused by a chain of ionization.

f. An electron has a positive elemental charge.

It takes a very large number of elemental charges to make one coulomb,

h. One elemental charge is’equal to one coulomb.

o 137 o




EXERCISE 9:
1. The dgfinition of an electron current.is the : B S

3
a. movement of electrical force through a conducting material.

i . b. flow of water through a pipe.
c. mov;:;nent of free electrons through a conducting material.
. d. electromotive force within a material.
2. When we measure electrical current.L we determine the
a. strength of each electrical charge.
b. flow ra.te' of the current.

ce charge that is carried by the electron.

d. charge remaining on the proton.

3. When we measure current, the unit charge used to determine the flow rate per
second is the

a. coulomb.
b. elemental charge.
c. electron. .

d. proton.

4. The unit of measure for current flow is the

a. elemental charge.

b. proton.
c. ampere.
.d. electron. . v

5. The movement of electrons through a conducting material is the result of

a. the ‘elemental gharges. ‘ C ¢
b. a di?;erence of potential.
c. two positively chargéd atoms.
d. Two negatively charged atoms.
6. The pressure or force that causes current to flow is called
a. the elemental charge.

b. electromotive force,

c. electron flow.

Cn

d. a deficiency of electrons. 1 3

P
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7. The unit of measurement for electromotive force is the
a. ampere,

b, coulomb.

c. volt,
d. ohm., _ ’ ) | §

EXERCISE 10;_ o .

1, Study the table below and answer the questions on the following page, True (T)
or False (F). '

NOTE: . The outermost shell of an atom‘ is its valence shell,

CELECTRON STRUCTURR OF A"OM‘S

ATOMIC ‘ sheL Atowne | | sweiL
wnp| A T2 [3 ]3| wuse Arow N BROBOE .
1 | Hydogen ¥ - 1 B | e 2isjmjw|4fofo
2 | Helium He 2 51 | Astimeny Sb 21 sjisfusf s
3 | Lithm L 21 52 | Tedwium Te Arnnn
2 4 | Beryiliom 8e 2)2 53 | lodine | 2| ajuwhs}?
e 5 | Born 8 2{3 56 | xenon xe 28|l
5 | Cabon € 2|4 85 | Cesum Cs MR i
3 7 | Nitrogen N 2{s 5% | Baim B 2fsfumfim|s)2
8 | Oxypen 0 21s 57 - | Lantiwesm La 2l afisfimf9fa2
3 S | Fluorine F 2|7 58 | Cerium Ce 2[sjmis) s}z .
3 10 | Neon Ne 2pe} 59 | Prasestymiom P | 2 (-8 1820 9] 2 '
3 11 [ Sedium Na. 2181 [ 60 | Nestymwm N¢ [ 2| 8j18[21] 9] 2
, . 12| Magresum Mg z|182 6l | Promathiom-Pm | 2( 8{m{22]| 9] 2 '
13| Amoom Al 2|8]3 62 | Swmaiem Sm 28l ez 2]
W [ShonSi 2|84 6 | Ewepim Eu IO IR
15 | Mosphorous # [2]8]5 # | Gadsiiniom G4 218[18|5] 9] 2
16 | Spher § - 2/8f6 6 | Tediom Ta IR
17 ] Chistine C1 21847 6 | Dysprasiom Dy 28|y of 2f°
. 18| Argon- A ZISLRL L) 67 | Hewum Ho AENUF IKIFIN
19} Patassipm K AEIR]N 8 | Erbem Er HETIEIERE
* 2 | Cakwm Ca AHHE 69 | Tiom Ty 2l sjmin|a|2
A1 Scandium S¢ 21819812 0| Yiterkium ™ 2lslmjulsfe
2 | Titanium Ti 2raor 2l Ho | tetem W 2] slmje]2
Q| Yanadium ¥ 2(snf2 72 | Holium H 2l afsfazfwf 2
A | Cowomium Cr 21831} B | Tatshem Ta - | 2] 8}8]a2lu]2
S | Manganese Mn LIRS | Tengsten W 2| sjimfa2]q2
. . & | lon fe 2182 S | Rusiom Re HEHIEITIR
. a7 | Codait Co 2184157 2 % | Osmwm Os AR I IR
& | Nickel Ni 21862 7| kitiom & 2(sjmfafisg2
| Comer Cu 21sfnf1 | Patien Pt 2isfifafe]2
X | Znc o 2fufsb2l | 7 | o e NEIE
3l Gailiom Ga 218|183 ® Mescury Hg 2| sjs]2{ns] 2
2| Germaoium Go ALK 81 | Thiiem T HEINIEIE
33 | Arsenic As 2lafnm)s R [un 2| sfisj2fis] o}
3| Sulenium Se 2leiw}s 8. | S 8 2{sfmf{u)1s]s
35 | Bromine B¢ 2{s s} 7 # | Poioniom Po 2l sim|2im]s
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—_a. Gold (atomic number 79) is a good conductdr. | 5%

b. Lead (atomic number 82) is an insulator. “ “/ T
c. Molybdenum (atomic number 42) is a semiconductor. ™

d. Bronxine (atomié nu;ﬁber 35) is an insuia.tOr.
- e, Tungéten (atomic numbex" 74) is a better conductor than gold. ‘ ’
f. Carbon (atomic nﬁmbér 6) is a semicdnductor. -
____&. Copper (atomic number 29) is a better cbnduct;)r than tungsten.
s EXERCISE 11: A

1. The opposition to current flow in a conducting material is known as

a. resistance.

b. electromotive force.

c. amperes,

d. conductance.
2. The unit of measure for resistance is the » o ‘
a. volt.

b. ampere.

c. watt.
d. ohm.,
3. The four factors affecting the resistance of a material are the
a. type of material, applied voltage, proton movement, and heat.
/ ™~ b, length, chemical action, curr?nt, and insulation.
[ electropotive force, temperature, cross-sectional area, and diameter.

d. type of material, cross-sectional area, length,' and temperature.

.
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4, Match each term in column A with the appropriate definition in column B,

A - Terms \ . B _« Definitions
a. Volt ‘ 1. A unit of measurement for electromotive
"~ force.
b. Ohm ’

: 2. A unit of measurement for current flow,
c. Amperes ' , :

3. A unit of measurement for resistance,
d. Conductor . , .
’ - 4. A path through which electrons can move.,
e. Resistance & : -v
' 5. Opposition to current flow.

5. Conductors are constructed from materials having

d.

tightly held valence electrons.
a large number of atoms.

high resistance. ) _ /(

low resistance.

. 6. If the conductor has a low resistance it will have a large number of

A

b.

Co

d.

molecules,
atoms.
protons,

free electrons,

7. Materials with e;xtremely“ high resistance are used as

a.

insulators.
conductors.
fuses,

ohms.

8. Materials having very few free electrons make good

a.

b.

Co

atoms.
conductors.

molecules.

insulators.




EXERCISE 12:

S

. 1. Two effects of an electron current are
a. heat and electromotive force.
}S.Jj resistance and shock. ‘
¢. heat amd magnéfism.

d. maghetism and high resistance.

2. Complete the following statements.

a. Electric light is made possible by the effect of an
electron current,

b. An electron current produces a : around the
conductor. '

A

¢c. Electrocution is caused by the effecf of an '
through the body. : '
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SUMMARY OF THE BASIC ATOMIG THEORY - - | 7 '

Introduction, In order to discuss the fundamentals of x-ray production, interaction of
x-rays with matter and radiation protection, we must first discuss the structureé of
matter. Many theories have been advanced but it was not until the beginning of the 19th
century that Dalton, Avegadro and Prout laid the foundation of the atomic theory of .
matter. The work of Rutherford in 1911 and further development by Bohr in 1913 led
to a concept which explains the structure and behavior of the atom satisfactorily, This
concept is called the Rutherford-Bohr concept, or in short, Bohr's atomic theory.

Bohr's Theory. In 1913, a Danish physicist, Neils Bohr, advanced the theory that the
structure of the atom resembles that of a miniature solar system. According to this
theory, an atom consists of the central nucleits with a positive electrical charge and
tiny, negatively charged particles, called electrons revolving around the nucleus in
fixed orbits, in muchthe same way that planets revolve around the sun. '

Structure Of The Atom. This includes the nucleus, proton, neutron, and electren.

NUCLEUS, The nucleus accounts for almost all of the weight and mass of the

atom. [t furnishes the force that causes other particles to spin around the nucleus

The nucleus contains protons and neutrons. . - ’
PROTON. The.proton has a positive charge. Every atom must have at least one

proton. On the atomic.model, protons are represented by the symbol @ or

NEUTRON. Another particle found in most atoms is the neutron. [t has
approximately the same mass and weight as the proton but it has no electrical cnarge -

it is neutral. The neutron is required to stabilize the atomic structure of the moure
complex atoms.

ELECTRON. The third particle of the atom is the electron. It has a negative
electrical charge and it is represented by a circle with a minus sign G) . Tre
electron revolves about the nucl;us in paths called ghells, or ¢nhergy levels.

Simple Atoms. Two simple atoms are the hydrogexi atom and the helium atom.

HYDROGEN. The structure of the hydrogen atom is very simple - it consists, of
one proton in the nucleus and one electron in orbit around it. Since the two charges
@ @ cancel out, the atom is electrically neutral., .

HELIUM. The helium atom has two protons and twg neutrons in its ?:cleus. The
protons give the nucleus an electrical charge of + 2. Therefore, we need a chzrge of
- 2 or two electrons orbiting around the nucleus to make this a balanced neutral atom.

Since the neutrogms have no charge, they do not affect the electrical balance of this
atom, - I~ v ’

Shells Or Energy Levels. The levels of energy surrounding the nucleus.
ELECTRONS PER SHELL. There is a limit to the number of e{éctrons that a (

shell can hold. The maximum number held by thesdifferent shells a‘re: K-2; L-38;
M-18, N-32; O-32;, P-18; Q- 8.
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_matter are solid, liquid and gas. Certain types of ma

¢t ADDITIONAL LIMITATIONS. ‘Regardless of how many shells a particular atom

has, the outermost shell can never exceed 8 electrons and the next to the outermost

shell can never exceed 18 electrons.

¢ YVALENCE SHELL. The outermost shell of an atom is ¢alled the valence shell and
the number of electrons in this shell determines the c,hemxc!a.l stability and the electri-
cal characteristics of that atom. [

Static Electricity. One of the fundamental laws of electricily states that like charges
repel and unlike charges attract. This law explains the bond that exists in the atom
between the positively charged protons and the negatwely charged orbiting electrons.
Since the two particles, (electrons and protons) have unlike/ charges, they will be

"drawn toward each other until the positive charge exactly balances the negative

charge. This balanced condition holds the electrons in the various orbits around thes
nucleus. r

\ .
‘ .
NEUTRAL ATOM. Under normal co @—;e numbe%r of electrons in the orbital
shells of an atom will be the same as\the(number of protons in the nucleus. Therefore,
if the sum of the positive'charges is egugl to the sum of thd negative charges, the atom

will be electrically neutral. ’ |

I
I

ION. If the negative and positive charges within an atom are not equal, the atom
becomes an ion. As an x-ray technician, you are very mu(ch concerned with ions,
because the biological damage to the body, caused by x-rajys, is due to ionization.

NEGATIVE ION. If a neutral atom gains an electron it becomes negatively charged.
Since it has a surplus of electrons it is a negative ion. ! B

POSITIVE ION. If a neutral atom looses an electron ﬁt becomes posxtwely charged.
Since it has more protons than electrons it is a positive 1/on.

Atomic Number. The number of pfotons or positive charges in the nucleus of an atom.

Atomic Weight (Mass Number). The total number of pr/otons and neutrons in the

nucleus of an atom. |

, I

Matter. Matter is anything that has weight and occupijs space. The three states of
ter can exist in all three states;

for example, water, ice and steam represent the same matter in different states.

Element. Any substance that cannot be sepa_fated into different substances except by
nuclear disintegration. It is made up of only one type of atom. The smallest part of
an element is the atom. [f you would break down gold to its smallest part, you \Zvould

{

end up with one (1) atom of gold. |

‘ ' . /
Compound. A compound is a substance composed of two or more elements chemically
combined. Water is a combination of hydrogen and// oxygen atoms. -

Mixture. A mixture is made up of two or more eléments NOT chemically combined.
This means that the constituents of a mixture can be separated by machanical means.
A mixture of iron shavings and sand could be separated by removing the iron particles
with a magnet.

14 ) .
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Molecule. The smallest Part of a compound that still can be identified as that
particular compound. One molecule of water (Hz0) will consist of 2 atoms. of
hydrogen and one atom of oxygen. If you reduce this molecule any further, you
would-have the elements, hydrogen and oxygen.

Stable Atorn. An atom is chemically stable if its valence shell is completely filled,
An atom with only one shell will be stable if it contains two a’a) electrons while all
other valence shells require eight (8) electrons to be stable. )

~ ' _ '
Unstable Atom. If the valence shell is not completely filled, the atom is chemicaily
unstable., An atom that has its valence shell more than ha‘if full (5 or more elections)
tends to take on additional electrons and will refuse to give themn up. If the valerce

~ shell is less than half full (3 or less electrons) the atom tends to give up electroni,

The less valence electrons there are in the valence shell, the easier it is to free them.

Chemical Combinations. Two uncfgable atoms can form a stable corgpound if the
valence electrons add up to a total of eight (8). Sodium with one (1)'valence electron’
and chlorine with seven (7) valence electrons chemically combine to make the com-
pound Sodium Chloride (table salt)..

Electrical Characteristics.* If an orbital electron is removed from an atom, it is
called a free €lectron. The valence electrons of certain metals are so loosely bund
to the nucleus that a small outside force can move the electrons from the atom, Even
the small amount of energy created by room temperature can cause an electron tuv be
removed from the atom and be'cime a free electron. This free electron may mo re in
any direction through the metal in search of a positively charged atom, ‘

ELECTRIC CURRENT. If the movement of the free electrons is controlled oy an
external force we have an electric current. Since the electron has a negative charge
it will be attracted to a positive charge. Therefore, 'if we place a positive potential
on one end of a wire and a negative potential on the other end, electrons are repelled
by the negative potential and attracted to the positive potential, constituting an electric
current. Actually the.electrons do not move from one end of the wire to the other end, .
but their effects move through a chain of ionization. .Just imagine a row of closely
spaced standing dominoes, 1f the first one falls, all of them will fall; therefore the
effect of falling is passed from the first domino to the last one.

ELEMENTAL CHARGE. Now that we know that free electrons can be moved from
point to point in a conducting material, there must be a unit of measurement. Thé
charge of one electron is called one (1) negative elemental charge. The charge cf one
proton is called one (1) positive elemental charge,

COULOMB. The elemental’charge is too small as a Practical unit of measure-
ment. The coulomb is the, unit quantity, or unit,charge. It takes 6,280 million
billion elemental charges to make one coulomb. The coulomb does not specify whether.

the electrons are moving or static. -

Ampereor Rate of Current Flow. The rate at which water flows through a pipe tray be
expressed as a certain number of gallons per second. In the same way, a curreut of
electricity may be expressed as a certain quantity of charge flowing past a certain.
point in one second. If one coulomb of-electrons flows past a given point each s¢cond,
then we have a current of one ampere. ‘

15
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Poténtial'Differenqe. Just as there must be préssure to cause the flow of water,

there must be pressure to cause the flow of electrons. If we connect a wire between

a point with an excessive number of electrons and another point with a deficiency of
.electrons we will have a potential difference resulting in a flow of electrons. The -
greater the difference in the number of electrons, the greater the electrical pressure
and the resulting electron flow. _ .

ELECTROMOTIVE FORCE (EMF). When two boflies have unequal charges. a
difference of potential exists between them. This difference of potential causes an
electron current. The force needed to move the electrons is called electromotive

force (EMF). ‘ ‘ , ,

-
-

VOLT. The unit of measurement for EMF is the volt. When the EMF of a battery
is mentioned, it is referred to as having a certain number of volts. The same is true
of a wall plug in your house. When we measure the EMF of the plug, we say that there
are 110 volts available. ' ‘ - -

ELECTRICAL RESISTANCE -

Introduction. Since an electric current is dependent on mov1ng electrons. any collision

with other electrons will tend to oppose the flow of current. In other words, when

electrons are forced through a conducting material, there is a certain amount of
opposition. Q

Resistance. The oppos'itiotn to the flow of current is called resistance. The amount
of resistdnce depends on the number of valence electrons that can be detached from the
atoms and be&come free electrons.

INSULATOR. An atom is stable if its valence shell contains 8 electrons. Since
this atom will not readily give up any of its electrons, this material would make an
excellent electrical insulator. Subktances made of atoms with 5 to 8 valence electrons
are considered insulators. Since it would be easier to remove an electron from an
atom having 5 valence electrons thin from one having 6, 7 or 8, the quality of the
insulating material depends on the number of valence electrons.

CONDUCTOR. Atoms which have one valence electron readily give up this
electron. Substances made of atoms with 1 to 3 valence electrons are considered
to be conductors of electricity. The best conductors are silver and copper having
only one valence electron. :

SEMICONDUCTOR. Atoms which have 4 valence electrons are neither good con-
ductors nor good in®ulators. Semiconductor materials are used in solid state devices
such as transistors and silicon diodes.

OHM." The unit of measurement for resistance is the ohm. We have 1 ohm of
resistance if an EMF of 1 volt produces a current of 1 ampere. :

£
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. through a conductor éxceeds.the maximum valye for which it was designed it will be-

_ tance of this magnetic field in detail in a later lessén.

_ ampere can be fatal.

«

LENGTH OF CONDUCTOR. The longer the conducting material, the higher the
resistance. This resistance to moving electrons depends on the number of collisions
with other electrons and atoms. If a conductor 1 foot long has a resistance of 5 ohms, -
then a conguctor 2 feet long would have a resistance of 10 ohms. :

‘ DIAMETER OF CONDUCTOR. If the cross-section or diameter of a conductor is
increased. the resistance of the cofiductor decreases. If a conductor 1 foot ‘ong and
1/4 inch in diameter has a resistance of 10 ohms, then a conductor made of the same:
material, 1 foot long but 1/2 inch in diameter would have a 2.5 ohm resistance. The
larger the cross-sectional area, the larger the space for the electrons to mcve and,
therefore, there will be less collisions which reduces the resistance. )

TEMPERATURE. The temperature of a conductor will affei_:t its resistance.
However, this type of resistance is of no importance to you at this time, therefore,
we will not discuss it in detail. N

Effects of Current Flow. In our modern-day life, it would be rather/ﬁ{i.ffic'ult to get
along without electricity. Although we cannot see electricity, its effects can be felt
and seen. You will be primarily concerned with the effects of heat, shock, and
magnetism; therefore, we will limit our discussion to these aAreas.

HEAT EFFECT. The opposition to the movement of electrons within a material
results in the production of heat. , The heat produced by a given amount of current '
depends on the resistance of the conducting material. Since there is more opposition
when.the resistance is high it becomes obvious that more heat is proauced in a high
resistive materijal than in one having a low resistance.

FILAMENTS. The filaments of light bulbs are usually made from tungsten.
Tungsten has two valence electrons and is therefore classified as a conductor.
However, by reducing the diameter of tungsten wirq: its resistance becomes relatively
high. With the proper amount of current the filament can then be heated to a whits hot
condition to give off light. . '

ELECTRICAL FIRES. Even good conductors have some resistance: If the curren

me red-hot and cause an electrical fire. -
L[]

MAGNETIC EFFECT. ' When current flows through a wire, a circular magnetic
field is set up around the wire. The direction and strength of the magnetic field is
determined by the direction and strength of the current. We will discuss the impor-

v
-

SHOCK EFFECT. This very undesirable effect is caused by the passage of
current through the body or a portion of the body.” The results are burns and a para-
lizing effect on the heart and chest muscles. A current of only a small fraction of an

.

-
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WORK, POWER AND ENERGY

(MECHANICAL)

OBJECTIVES:

1.
2,
3.
4,
5.
6.

7.

Define potential energy.

Define kinetic energy.

State the fomula for work.

Solve for work when given values of force and‘di§tance.
Define mechanical pbwer

Define mechanical horsepower,

Solve for power in terms of horsepower when given work and time.

SUGGESTED READING TIME. 50 MINUTES




Formulae for Work, Power and Energy
PART (A)

Work = force x distance

work

Power = Time

work (ft. lbs,)
time

‘Mechanical power =

Mechanical horsepower = 550 foot-pounds per second




You should understand,by now, that as techniclans, we maxe a point

- of specificallj defining a;i terms that we use. This is very. necessary,
because we use so many technical terms in explaining our work. With a
good working knowledge of 'such terms as energy, work, power, emf, current
and resistance, you will be far more savvy about your work. Too, you
will want to be sure, so that you can shoot the breeze about your job.
Knowing exactly vhat certain words mean helps a lot.

You often hear the word "energy".

But, you use energy far more

often than you hear the word. When you lift something,you use energy. t

Every time you move, you use energy.

Energy is defined by Webster as  "The capacity for doing work

and overcoming resistance."

Is a rock sitting on the edge of a cliff a source of energy?

Yes, it is.

page 6A

No,it isn't.

i

. ;2'_'2 ] R
YOUR ANSWER: 27 foot—pounds. :
No, that is not correct,
The correct formula for solving how much work has been done is

this: Work = force x distance.

With this jn mind, return to page 4B and solve for the correct answer.

55

IO, .. T

!
|
1
]
i
¥
!
3
4
|
x
ﬁ
l

A A i




ELY

YOUR ANSWER: Kinetic energy.

Not quite right. A pendulum does possess kinetic energy, but anly

while it is moving. It has potential energy as it rests momentarily at

the end of its swing.

@

L

- As you pull the bob to one side, you are storing potential energy

by lifting the bob ageinst gravity. As the bob swings downward and for-

ward, the potential energy becomes kinetic. The kinetic energy released

is sufficient to carry the bob upward again on the opposite side, tlwus

storing up more potential energy.

Refer to figures 1 and 2 below. Figure 2

Id
Figure 1 N TN
Potential /
or stored 7/
energy. - ({ 8

. ’ i(“ )
“ - W - /

As the pendulum swings, the
" potential energy becores

f’q kinetic energy, but at point

Qg, "A" the kinetic energy is

~ changed back to pcten:ial

o energy. As it swings oack
toward point "B", the
potential energy again be-
comes kinetic energy.

Return to page 6A and select the correct answer.




YOUR ANSWER: No,it isn't, N

Wrong. A rock sitting on the edge of a cliff would have what we
call “"energy of position." "It is energy waiting to heppen, or it is a
form of potential energy. Move one small grain of sand, and the rock
would start tumbling down the cliff, perhaps even starting an avalanche.
We have already defined energy as the capacity to do work. Flowing
water has energy because the pull of gravity has given it velocity.

Wiﬁd is a similar example. Waves and tides, too, have energy. A
motionless body has the capacity to do work; all we have to do is put

it in motion, or give it velocity.
In our example, work was done when we moved the grain of
very much perhaps, but enough to give the rock velocity as it tumbled
down the cliff.

Now, return to page 2A and select the correct answer.

4B

YOUR ANSWER: 800 foot-pounds.

Very good. Now, let's try another problem of the same type.

A man is required to lift an 8l-pound crate onto a loa.ding dock,
vhich is 3 ft. high., How much work did.this man do?

27 foot-pounds page B

243 foot-pounds page 11A

~.




YOUR ANSWER: Yes. .
. Come, come now, Our definition of work was a force acting through
a distance. True, you exerted a force on the bulkhead, but chances.ars
you did not move the bulkhead through a distance or space.
Keep this in mind: To do work, you must exert a forcé on an object
and the objdct must be moved a distance.
ﬁow, return to page 10A and select the correct answer.

2B
YOUR ANSWER: 50 foot-pdunds.
Wfbng. - : . <i
The formula for work is: .
Work = force x distance or in short form.
Wafxd. ‘

You must have divided to get this answer.

Return to page 7A and solve for the correct:
ansver.
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YOUR ANSWER: Yes,it is.
Of course it is. This type of energy is known as potential energy.

Just as'we have potential energy in an automobile battery, the energy

is stored until we put it in our

car and hook it up.

We have two types of energy
that we will discuss in this
lesson. The first is kinetic
energy, which is defined as

energy in motiocn. or instance,

a movin% automobilg, running wate;

or current flow; thgse are all good
P examples of kinetic energy. The
.other type of ener, is potential energy, which is defined as stored !
energy or energy of po%ition. Cur storage battery is a good example
of stored energy. The rock on the edge of the cliff would be an .
éxample of energy of position. ' C ’

It is possible to chahge Potential energy to kinetic energy; also,
it is possible to change kinetic energy to potential energy.
A pendulum would be & source of what type of energy?

Kinetic. ' page 3A
Potential, page 8A
Both of the above, page 10A
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( Page7

A
YOUR ANSWER: No.
Of course not. The definition said "a force acting through a

distance." If you moved that steel bulkhead, you are a lot stronger
than I had thought. '

Before we get to the formula for solving the amount of work done,
let's take a quick look at the word "force". Force is that which pro-
duces or tends to produce motion. . ,

Note that work and force are quite different./ Force is exerted

whenever a body-is pushed or pulled, but work dotie only if that
body moves. '

The formula for solving how much work has been done is tﬁis:

" Work = faxce X distance and is expressed in foot-pounds.
The force éxerﬁed to 1lift an object is exactly equal to the
weight of the object. For example: If you lifted a 200-pound weight,
you would®have exerted a force of 200 pounds on the weight.

Work is measured in foot-pounds, be>ca.use we are multiplying
together two different quantities, distance (in feet) and force (in
pounds). Thus: feet (distance) x pounds (force) 'a foot-pounds.

Now, suppose that you were required to lift a 200-pound shell to
a shelf 4 feet high, how much work would you have to do?

800 foot-pounds. page 4B

50 foot-pounds. ' page 5B

I don:\% know. page 9A 3
Fﬁ\
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YOUR ANSWER: Potential energy. : :

Yes, this is true, but you missed half the picture.. The pendulum

possesses potential energy only as long as you are holding it to one
side. , ‘ ‘

We have defined potential energy as stored energy, or energy of

position. In the case of our pendulum, when you pull the pendulum bob

to one side, you are storing potential energy by lifting the bob
against the pull of gravity. As the bob swings downward and forward,
the potential energy becomes kinetic. The kinetic energy released is

sufficient to carry the bob upward again on the opposite side, thus

[’\
o

storing up more potential energy.

Refer to figures 1 and 2 below.

] Figure 1l
Potential-
or stored
energy.

PR . / -

+ As the pendulum swings, the
potential energy becomes
kinetic energy, but at point |
"A" the kinetic energy is
changed back to potential
energy. As it swings back
toward point "B", the
potential energy again be-
comes kinetic energy.

Return to page 6A and select the more correct answer.
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YOUR ANSWER: I don't know.
My apswer, to your answer, why not? We have steted the formula for

do work. Work = force x distance and the product is expressed in

foot-pounds.

Now, let's take a look at our problem. You were asked, how nuch
work did you do, when you lifted a 200-pound shell to & shelf 4 feet
high? Substituting these values into our formula it now looks like this

Work = 200 x 4; in other ‘words, you exerted a 200-pound force
through a distance of four feet. Now, we should be able to réturn to
page TA and select the correct a.nswer._ "“

. . 0

YOUR ANSWER: 300 feet. _
. Good, Just a little transposing of our original formula,

VWork = force x distance.

Next problem. A man accomplishes 112,500 foot-pounds Of -work in
moving an object 50 feet. How much did the object weigh?-
2250 pournds.
5,625,000 pounds.
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YOUR ANSWER: Both the above.

Good for you. You can understand that by holding the pendulum to
one sidé, you have stored_pbtential energy. When you release the pen=-
’ dulum, starting energy to ;move , you have energy in motion or kinetic
energy. . | s

Engrgy has the abilitysto.do work. Energy is expended when work

is done. - 7o . b

N So far, we have talked about the two types of energy. -Kinetic

energy, or energy in mdtg’.on, and potential energy, or energy which is
stored 6r at rest. ' '

We: could have all ther energy in the world, but unless it accomplish-
ed something for us, it would be of little value. So, in electronics, |
we use the potential energy of a battery to make electrons move. This ‘
is kinetic energy, and with this type of kinetic enei-gy, we can make neon .
bulbé light, T. V. sets operate,and radios play. We have energy doing
work. ’ , . " ,

This brings us to our next topic for discussion, the word "ugh'"
work, and what it m;aans to £/ in the field of electrbnics.

Work is defined as a force acting through a distance. .

Now, with this definition firmly affixed in your mixid, suppose you
pushed against a steel bulkhead with all your strength; d4id you ‘,19 ¢

work? ‘ - \ b

- =1 . ' L4

Yes. rage SA
No. page TA
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YOUR ANSWER: 243 foot-pounds.

You are right, _

Now, let's give him a little more difficult Job. The man is to . § /
move a pile of earth weighing 750 pounds. In moving this pile of earth,
the man did 225,000 foot-pounds of work. How far did the man move the
earth? . _
| 300 feet. " page 9B
168,750,000 feet. page 13A

18 | |
YOUR ANSWER: 2250 pounds. o ) \
) Correct. We are getting along just fine, v

-Suppose you were required to move 30 chairs, which weigh 11 pounds

each, and a desk weighing 37 pounds to the next tlassroom, which ls 46 § /

feet away. How much work would you have to do? | . s
15,180.foot-pounds. page 128

1,702 foot-pounds. page liA

16,882 foot-pounds.
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YOUR ANSWER: 5,625,000(50unds.

Not quite. ) )

Our formula for work is: Work = force x distance. In our case,we
were ngen the amount of work accomplished and the distance the obJect
was moved. Tt would look like this. B . v

‘ 112,500 _fwork) = force x 50 (distance)
We must get the “force" to stand alone in our formula. So we

divide both sides'by the distance (50). Thus:

-—25;31- fo ce X %5 . . ',//

The 50's on the right cancel. and we end up Wlth _l§3299 = force.

Now, return to page OB and solve for the correct answer.

YOUR ANSWER: 15,180 foot-pounds.
You are correct. As far as you have gone. But you forgot to take
the desk into consideration.

So return to page 11B and solve for the correct answer. Don't

forget the desk.
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YOUR ANSWER: 168, 750,000 feet
‘ oooOOP' S.,

*It looks like you made an errcgr in your transposition of the -
original work formula.

wOrk = force x distance.
In our case we vere given the anount of work accomplished a.nd the
force exerted to \move the pile of earth. So it would look like this:
225,000 (work) = 750 (force) x distance.
We must get the-distance to stand alone in the formule, so we
divide both sides of the formula by 750:; Thus:

To solve for work,we use the formula:-

225,000 750 . .. 7 |
7%3 = 755 X distance “’

The T750's on the right side cancel out and ve end up with

227,80 = distance. o °
Now, return to page 11A and solve for the correct answer. .
=_y— - : »
138 .
YOUR ANSWER: 36,000 foot-pounds per second.
No. v

Your formula. selection was very poor, or you did not check the

-

formula page. T . -

The formula for Pover again is:

Pover = zorz not power = Work x time. o

Ncw, return to page 17A and solve for the correct answer.

o
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YOUR ANSWER: 1,702 foot-pounds.
Partially correct. You solved for the amount of work required to

move the desk. But you completely forgot the 30 chairs.
Return to page 11B and solve for all the work.

: d

14B
YOUR ANSWER: The amount of work accomplished.’

Again you are a little confused. We defined power as the time

We could, for example, pull a 2000-pound object a distance of 20
feet, which would be 2000 x 20 or 40,000 foot-pounds of work; in other
words, you accomplished 40,000 foot-pounds of work. But, if we never
considered the time it took to pull this 2000-pound object through a
distance of 20 feet, we would never know how much power we used.

rate for doing work. ;

Now, return to page 16A and select the correct answer.




YOUR ANSWER: Less than,

Come now, how in the world did you ever become this confused? I
cen understand how you might have said that the work done by the steam -
. shovel is greater than that done by the man, but not less than,

let's look at our problem again: To raise 1000 pound; of earth
to & height of 20 feet.

Work = force x distance = 1,000 x 20 =

20,000 foot-pounds.

So you see both the steam shovel and the man did the same amount
of work, the only difference being that the steam!shovel did this work

much faster, and when we take the time factor into consideration, we

are talking about poﬁer.

Let's return to page 18A and reconsider our answer,
14

- 1B

YOUR ANSWER: . 1,780,200 foot-pounds per second.

| pai !
Not even a ‘good guess, :

The formula for power is: Power :grk

You solved for work correctly, but you forgot to consider tine,

which is an important factor when solving for power,

Return to page 19A and sol#e for the correct answer., Don't for-
get the time,

sty i A e T e
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YOUR ‘ANSWER: 16,882 foot-pounds. ]
' Very good.

The amount of work,then,is equal to the amount of force exerted on
an object times the distance the object moved. '

Wnile it might be a nice thing to lmow how much work is to be done,
it is of more interest to people as to HOW FAST the work will be
accomplished. This brings in the element of TIME. One man might build
a house in two months and another maxr b.:xild the same typeof house in one
year. Both have done the same amount of WORK, but which one would you
hire? In electronics,we are always concerned with how much time it
took to do a ce;tain-aﬁ@unt of work. The time rate for doing work is
called _Pﬂ . Pover,then,is: "

The amount ofvwork accomplished. page 14B

The rate of doing work. k page 18A

16B )
YOUR ANSWER: 5600 horsepower.
You are cbq;ect, as far as you have gone. You solved for power,

but completely forgot to divide by the numbg; of foot-pounds per

second in one horsepower (550).

Horsepower = I°°t'P°U?gg per.second - o hp.

Now, return to page 21A and solve for the correct answer,
’ »~

A
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YOUR ANSWER: Equal to.’
Right. They both moved the same amount of earth the same distance,
so th&ywork done was equal.

The formula for power once more is this:

work

Power € :
time

With the formula firmly in your miid, try this problem,

A steam shovel raised 5000 pounds of earth to a height of 12 feet “

in 6 seconds. How much power did the steam shovel use?
36,000 foot-pounds per second, page 13B

10,000 foot-pounds per second. page 19A

o e e

m —

YOUR ANSWER: 22,500 ft.-1bs per sec,
My goodness, no.
Remember that mechanical power is measured in foot-pounds per sec-

ond (as we have covered it). You solved for power by dividing by minutes.

‘Return to page 19B and try again, L

165
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YOUR ANSWER: The rate of doing work.

s«Exactly. You have learned that the amount of work done has nothing

to'do with the time it takes to do the work, But the amount of pover
depends on how fast that work can be done. The formula for work done
again is:

Work = force x distance.

Now, let's look at t ‘formula for power, which is:

work ,

Pover = time

We both know that a steam shovel has a greé% deal more power than
a man. Both can do the same amount of work, but the steam shovel will
do it a lot faster. For example, say that 1000 pounds of earth must
be raised 20 feet. The work is:

Work = force x distance = 1000 x 20 = 20,000 foot-pounds.

The steam shovel does the job in one scoop, taking two seconds.
The man does the job in twenty minutes (1200 seconds).

The steam shovel has:
wvork 20, 000

Power = Time - 5 = 10,000 foot-pounds per second power.
The man has:
Powver = zz;g = 225880 = 16.7 foot-pounds per second power.
The work done by the steam shovel is , ' that
done by the man. )
less than ‘ page 15A |
Equal to I page 17A .

Greater than page 20A
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YOUR ANSWER: 10,000. foot-pounds per second. . Good.

1

Let's look at another one.

An elevator in the Empire State Building makes the ascent to the

80th floor in 50 seconds. If the height is 989 feet, what power wouli

be required in order to lift 12 persons averaging 150 pounds each Fo

this floor?. 1,780,200 foot-pounds per second, - page 158

35,604 foot-pounds per second. page 21A

+

198 - ~

YOUR ANSWER: 10 horsepower.

Good, You are still with me.
An elevator in a garage can raise an automobile weighing 1500

pounds to a height of 30 feet in 2 minutes. What power is used?

375 ft.-1bs. per sec. page 20B

22,500 ft.-1bs. per sec. page 17B

17y
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204
YOUR ANSWER: (reater thanr'.

Maybe you didn't understand the question, So, let's start over
again. Our prolilem was to»raise 1000 pounds of earth 20 feet. The.
steam shovel actomplished this amount of work:

Work = force x distance = 1000 x 20 = 20,000 foot-pounds

The man accomplished this amount of work:

Work = force x distance = 1000 x 20 = 20,000 foot;pounds.

The only difference between thk\work of the steam shovel and that
of the man is the time factor, and when we consider the time rate of

work, we are then talking about powver.

Return to page 18A and select the correct answer.

208 . .

- YOUR ANSWER: 375 foot-pounds per second.

Right you are.

Power, whether elgctrical or mechanical, pertains to the rate at

%

which work is being done. Work is done whenever a force causes motion.
-If a mecnanical force is used to 1lift or move a weight, work is done.
However, force exerted without causing motion does not do work. p
Would a spring compressed between two fixed objects be doing work?
7/
Yes. . page 23B 4
No. page 22A
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21A : :
YOUR ANSWER: 35,604 foot pou.ﬁd.s per second.

Right. o

This is & mechanical power, and as we have seen, it is measured
in fo'ot-pounds per second, which is too small for practical use. In
the early days, pover wes generally supplied by horses, and experirents
indicated that an average horse could do 550 foot-pounds of work per
second. This led to the egtablishment of & larger unit of measurements
you guessed it, the horse-power (hp).

1 hp = 550 foot-pounds per second.

V'l‘o solve for ho:."sepower, we must first solve the amount of power
in foot-pounds per second, then divide by 550 foot-pounds per second;
the number of foot-pounds per second is one horsepower. For emm'ple,
suppose we had an electric motor that could move a 2200-pound object 2 s
feet in 4 seconds. Our solution would look like this: '

First, work = force x distance = 2200 x 2 = 4400 ft.-1lbs. ' |

work 4400
time ° L ° 1100 ft.-1bs. per second,

Second, power =

’

- foot=-pounds per second o 1100
Third, horsepower 550 (foot-pounds per ‘second(1l hp) 550

= 2 hp.

Now, coﬁsider this problenm,

An elevator with 6 passengers weighs 1400 poun&s. How much
horsepower would be required to raise the elevator 4 feet per second?
ANSWER to the nearest vhole horsepower.

10 horsepower. page 19B

5600 horsepower., page 16B
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YOUR ANSWER: No.
Quite right.
We have pretty well covered mechanical work, power,and energy.

Before we go on to electrical power, let us review mechanical pover

and see just how much we have learned. )
®
l. The capacity to do work or overcome resistance is
a definition of .
. energy 2., We said that energy in motion is energy.
kinetic 3. Energy that is stored or energy of position is
energy. )
N ; o - |
i .
potential 4, There are two typesjof energy; list them. !
(2) (b)), .
. - ‘
potential 5. Energy is that which has the capacity to do work
kinetic or overcame resistance. That which produces or
tends to produce motion is a definition of,
force 6. 'A force acting through a distance is the
definition of . .
work ,/é. Work is equal to the product of a force acting
1 through a : : .
3 distance 8. The formula for solving how much work we have .
‘ done is: Work =__ b'e L.

Continue on page 23A

' ® >
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force .| 9. We found'that a s}ea.m shovel and a man could do the same
distance amount of work., The steam shovel is much faster, heuwe-
ever, When we consider the time rate for doing wouk, we
are talking about ‘ .
ove 10. The time rate for doing work is a definition of ______.
power 11, Power is equg.‘l to divided by A -
_ -

work + time |12, We found that power is measured in foot-pounds pér

second and a larger unit of measurement, the , .
b ' : ‘ !
horsepower {13. One horsepover is equal to 2 foot-pounds per
second.
550 14, Power is the time rate for doing work. The fogpula for
mechanical power is: Pover =
divided by _ _—
¥
<
work + time,
i;
- THE END

P
5
29

23B
YOUR ANSWER: Yes,

Wo. \

A sprlng compressed between two fixed objects would be exerting a
force on the objects. But chances are the spring is not moving the ?
objects, and the force must cause motion, before work can be done. |

Now, return to page EOB and select the correct answer,

‘im | -
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REVIEW TEST FC(R WCRK, POWER,AND- ENERGY

| (Mechanical)

the definition of poteniéal energy.

-

Write the definition of kinetic eneréy.

3. The formula for work is: work = X

L. wa many foot-pounds of work are accomplished when lifting & [5-1b.

transmitter onto a shop bench 3\feet high? y _ft.- lbs\,

I 5. Mechanical power is equal to \\ divided by

l ‘6. One mechenical horsepower is equal to ___ ft.~1bs. per second.

7.."‘ﬁow, much mechanical power is required for an elevator to lift a

20,000~pound aircraft 10 feet in 50 Seconds? *

a. i foot-pounds, per second.

Y

3

b. __horsepovwer. .
/

8. A certain llengine can move an 1100-pound object 2 feet in 2 seconds/.

.

* What is the horsepower of this engine? horsepower
9. Write the definition for power. _ /.

175
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'PURPOSE OF STUDY GUIDES, WORKBOOKS, PROGRAMMED TEXTS AND HANDOUTS

v,

i

Study Guides, Workbooks, Progrlmmed.regtsiand Handout
publications authorized by Air T
ATC courses.

: : 8 are training L
raining Command (ATC) for student uge in

a

The STUDY GUIDE (SG) presents the information
the upit of instruction, or makes

publicr;iona which contain the

you need “to complete
assignments for you to read in other
required information.

The WORKBOOK (WB) contains wo§t procedures designed to help you ' :
achieve the learning objectives of t unit of instruction. Knowledge ‘

acquired from using the study guide will help you perform the miagions
or exercises, solve the problems, or angwer questions presented in the
workbook. '

7 The STUDY GUIDE AND WGhRBOOK
under one cover. The two training p

Ls not designed for you to write in,
for ycu to keep.

(sﬁ) containg both SG and WB material
ublications are combined when the WB
or when both SG and WB are iggued

The PROGRAMMED TEXT (PT) presents ‘information in planned steps with
pProviyions for you to actively respond ‘to each step. You are given

immedite knowledge of the correctness of each response. PTs may either
replace or augment SGs and WBs. '

The HANDOUT (HO) containg supplementary frlining materials in the i
form of flow. charts, block diagrams, printouts, case problems, tables,
forms, charts, and similar materials. ©e

Iraihing publications are designed for ATC course use only. They
are urdated ag necessary for training purposes, but are NOT to be uged

on the job as authoritative references in preference to Regulations,
Manuals or other official publications. :

A7y - o a
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ﬁ ASSIGNMENT SHEET

This assignment sheet should be used when:

@ VYouare to complete only a part of this text.

‘ Your assignment within this text is divided into two or more

reading periods.

AY

Your instructor will make assiénments by identifying specific objecsives,
text material, and review questions.

i

ASSIGNMENTS

OBJECTIVES TEXT MATERIAL REVIEW QUESTIONS
(by No) (by page) {by No)
~ @ |
(o)
;‘
t . a '
) )
.4\)
i
S




ELEMENTS OF ELECTRICAL PHYSICS

OBJECTIVES:
1. Define matter,
2. Define mo}ecule. !
3. Dufine an atom,
" 4, 'Define an ealen‘ie'nt./ »
5. Define a comt;ound. 4 L :
6. 1dentify the 4 main parts of the atom a:;d indicate the charge
of each.
7. Calculate the atomic number of an atom when given spec1f1c
conditions, _ < -
8. Figur; a net charge | given specified conditions.
" 9, Define valen’gé electfons. |
10. Describe electrical balance. él,,«;.,
11, Destribe the effects of glectron excess and def:'ie:iem_:)';'~
i2. State the unit of electr;ical‘chax;gg. . ¥
13, - Define an ion. ,
. \. N
- l
, ' [}
s _ ' v
~ - | SUGGESTED READING TIME 85 MINUTES
’ : £, .
4,

2026~€L ~d1




Fage 1
" This l_essor:.-sion eleét”rical phyéics.' The material taught in this
programmed lesson is essential cma.t;.eriv.a..l onla'r.
the

If you want to go deeper into
subjects taught and broahen your 'knowJ;edge, you can do s; on your own,

USE A FOLDEDF SHEET CF PAPER TO COVER THE ANSWER.

i

j

§

\

L x l“ é

. 1. All things which have weight and occupy space are !

matter, , ‘ ‘

- g

. The pencil or pen you are writing with is classitied :

r . as . ;{
(Matter)

2. All things which have wveight and occupy space are

(Matter) 3. A pencil or pen has

80 it is matter,

X

and occupies

Weight) 4. The smallest particle of any matter which has the
Space) properties of that matter is called a molecule.

t

The smallest bit of glass that can be identified as
glass i3 a glass__ - : '

(Mblecule) ' 5. A water molecule is the \
‘ l can be identified as water.

bit of water thnt
S

o

6. A drop of water is matter because it also has
and occupies

. ‘ )
sweight) ] 7. Molecules are made of atoms.

Space) .
This picture shows a water -
molecule with 3 atoms. N

This molecule has 2 hydrogen
atoms and 1 oxygen
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Page 2

27

YOUR ANSWER: The smalleéest particle to which matteér can.be broken down
(From P-7)  is the molecule. ‘ :

Wrong. .You have been working with the basic building block of matter.
It had electrons or;o‘iting around a nucleus. I'm sure you recall now, that
the atq& is the smallest particle to which matter can be broken dovnl. But
H‘tlet‘ore we'go any further, let's get straight what a molecule is,
Atoms combine to make molecules. For example, a molecule of water ig
made up of 2 atoms of hydrogen and 1 atom of oxygen.
- ~.

HYDROGEN

4—-— ATOM
ﬂo\ @
OXYGEN

g Tl
Y @‘# |
HYDROGEN ‘q\—d/(y

ATOM

\\/

After thinking this over, go on to Page 4B and continue, .

2B

—

YOUR ANSWER: Shoes, ships, and sealing vax, . but not cabbages
(From P-4B) and kings.

You are incorrect.
Sometimes the word matter is-used to mean simple substances or things
that are not alive. éBut, in scientific usage, live things, animals and vege«

"qables ,» 88 well as inanimate thinés such as shoes, ships, and sealing vax,

are all forms of matter.

¢

.~ . ,x .
Now‘ return to Page 4B and select the correct answer.
R

L 18]




8. Matter made up of only one kind of atom is an element.,

Gold is matter that is made up of only one kxind of
atom, 50 gold is a/an ‘

9. A molecule of gold has only one kind of

10. A molecule'is composed of two or more

11, Oxygen is & gas that is composed of only one kind of
atom,

Y

Oxygen 1is classified as a/an - §
v (anlecule,,elemnt, atom

@

12. When two or more atoms of oxygen combine, a___ _ __ __
of oxygen is formed. ‘

13. An element is composed of of only
one *kind, .

14. Two or more atoms combine to make a/an

15. Matter consisting of only one kind of atom is a/an

16. The smallest part of an element is afan

|17. Tvo atoms of oxygen combine to form a/an

of oxygen. ' \ . 0
o (Molecule) 18. When two or more elements chemically combine (a new
// \ - substance 1s formed), a compound is produced.

When the two elements, &:tygen and hydrogen, chemicaily
combine, a/an AN is produced.

( Compound ) 19, . Water is a compound. . T

Water is composed of two different




Page 4 § '
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YOUR ANSWER: No, this stretches the definition too far.
(Prom P-6B)

Agtua.uy the statement that air is mtter .doesn't stretch the

definition in the least. Gases, such as those in air, are matter Just as

mich %8 shqes and ships and kings.

Mormally, you don't notice that air is arcund You. In the same way, a

fish, 1f it could reason, Probably would have difficulty in recognizing

tbat water is matter., But, 1f you took the fish out of vater, it would

know that something is missing,

; When- you get up very high in an a.irpla.ne, you need a supply of oxygen,
becauce the higher up you get, the J.ess air there is for you to breathe.
. Sometling !s missing

Now, return to Page 63 and select the correct u.nswer.

[

13 ‘ Q j

YOUR ANSWER: The smallest Particle to'which matter can be broken
(From P-7) down is the atom, o

Correct. Atoms are the basic building blocks of all matter.

A

From "Alice in Wonderland" comes the quotation:

"The time has come, the Walrus said, ' . H
To talk of many things; |

or sl;oes and ships and sealing wax,
A - Of cabbages and kirngs,"

Which of the things mentioned —jl: the verse vould you classiry as mtter?

) Qpoes, ships, and sealing
wax, but not cabbages a.nd ’

kings. . ’ Turn to Page 2B

A1l of them. | _Turn to Page 6B




Page 5

A molecule of water has 3 atoms chemica.lly comr* *ed-
2 twdrogen and 4 oxygen

20.

21. Tvo elements chemically combine to form a/an

22; . Two or more atoms _combine to form a/dn

L]
- .
/ .

23. A compound formed when two or more

chemically combine.

2k, ‘A molecule is made up of two or more

5»> The smalle-t part of an element is a/an

26. . Matter that is composed of cnly one kind of aton is
_afan__ ‘

3

Y

Matter that is composed of atoms of two or more
elements chemically combined is a/an

27.

3

28. Matter is all things that have

and
occupy. . H
29. A molecule of an element contains. two or more etoms of
kinds.
(the same, d:l.ﬁ'erent) o7 -

30.’ A mlecule of a compound contains two or more atoms

of N kinda
(the ‘same, different) o

°

2/\
(Dif‘fe_rent) 3l. Sugar is a coupoundjcomposed or three elementa carbon,
hydrogen, and oxygen. _
. ° “The smallest pe.rt:!,cle of sugar is a/an
of suge.r
S
) , »”» \ !
Contfpue on Page" To




t JYOUR ANSVER: Compounds do retain the chemical’ cha.racteristica
(From P-8) of the elements which are combined to produce them.

No, no. Give 1% some thought. We spoke of water as belng a compound
consistiig of oxygen and hyd.rogen. , Oxygen and ﬁ}d.rogen are both gases 1n

their normal state, vhereas(\&ater is a fiquid

Owgen will support combustion and hydrogen will burn with a hot flame,
. st .

£
What wil). water do to & fire? We can breathe oxygen, but can we-breathe
'

water?

ﬁ Now. retyrn to Page 8 and select the correct answer. -
:
6 S S
YOUR ANSWER: All of them,
(FTOII P_"&B)

You are correct.

A™1 things wvhich have weight and occupy space are matter.

&
9

Can you decide whether the air we breathe Wmtter accord.ing the v
: .
above definition? l;
. . 3
8 stretches the definition ) » \:8
too far, : Page LA ' g
air is matter, ] .Page 8
oesn't possess weight, so ) : =
it can't be matter. Page 10A




‘Page T

The smallest particle of any of the three elemsnts
~ 4in sugar is a/an of that element.
»E . [

(Atom) 33. The smallest particle of a compound is a/an
of that compound. /

(Molecule) 3k, ‘A molecule is to.a compound as a/an
to an element. '

(Atom) ' 35. An element is to a compound as an atom is to a./n;.y.

S .-

(Molecule) 36. Scientists have identified more than 100 differcnt
- 4 elements, About 92 of these are found in nature; ten
T more can be produced in an atomic pile. With nuclear emergy, we can )
change many elements to others -- even lead to gold. 1’15 only t le is
thntitcmt:npretonkegoldthiavaythnnitdoeltpnd.neit M the

Chemistry, which is concerned mainly with how elements are combined in
compounds, was a well.developed science when its close relationship to
lectronics vas discovered, Many of the basic terms in electronics come
from chemistry. \ o

D - :

In electronics,we are concerned with the. characteristics of the atoms . .
hat meke up the components in our electronic equipment. Why do some
terials such’as copper, silver, gold meke good conductors of elsc-
lcity and other materials veryé::: conductors? This ‘question is just
e of the reasons yod are starting out electronics-with a basic physics

sson,.¢ . (‘ 0
The smallest partic ' to vhich matter can be broken down' is the

-

If you choose molecule,turn to Page 2A - '

If you choose Aatom turn to Page 4B,

o




Page 8

YOUR ANSWER: Air is matter,
'§(From P-6B)

e

Absolutely. Air can be weighed by compressing it in a tank such as skin

|
. |
divers use. Simply weigh the tank before and after £illing it and you find : i

that as uore air is pushed into the tank, the more it will weigh, Air i«

metter, " ?

|

Matter exists in three states, solid, liquid, and gaseous. ALl matter is. :
made up of tiny particles called molecules. Molecules, wpen broken down into ¢

their smallest farts, are foupd to be composed of one or more kinda of atoms.p

() . A — | }:i&f;'\\
) /
| N ENE N
Lttt W

UL LD T U L L T T T T T T Y DY TR T

-
MAT1ER "~ MOLECULE : ATOMS
A substance which contains atoms of only one kind is called an element.

’ »

: \ :
Oxygen, hydrgge » copper, gold, silver, iron, sulfur, aluminum, carbon and
- of the elements known to man.

uraniur are some

By chemical action,we tan combine elements to form complete;y:ﬁev sub- -

2oce—eL —de

qstances'callqd compounds,. Water is a compound. Water is cofposed of the (/
Jelements hydrogen and oxygen,which are both gases in thi}r normel state. Rust

is another compound. It is produced when f}on and bxygen combine,

Compounds - , retain the chemical characteristics of the elements

which are combined to pro&uce them,

. Do Page 6A . )
L Bo oot Page 107 . ] 0"

.18y




1. Malter is all things that have
(Weight . 2. The smallest bit of glass that can be identified as
occupy sgace) glass is a glass wolecule. ’
A water molecule is the bit of water
that can be identified as water.

(Szfllest) 3. A drop of water can be continuously divided into
smaller and sm.ller parts until the smallest’
identifiable bit of water left is & water

(Molecule) 4. Molecules are made of atoms.

This picture shows a water molecule

with 3 atoms.

»'l'hia molecule has 2 hydrogen atoms

and 1 oxygen . ’ i

. ‘ |

(Atom) 5. Atoms have two parts, a nuclekus and ome or more l
electrons. .
'I'hese perts meke up an atonm, JLt as atoms make
up a .

(Molecule) 6. In the center of an atom is the nucleus (pronouncec '

NEW-klee-us). /

The arrow points tothe__ .. —L’( : )

) o/
i -

(Nuc¢leus) 7. A molecule is made o& - )
(Atoms) ‘8. Matter composed of only one type of atom is

an/s 4 .

»

(Element) 9. Matter compc\baed of two or more different atoms

chemically pomhined is a/an .

Continue on Page 11,

~




Page ‘g | \ ‘ : | ‘ —_—

’j ——
YOUR ANSWER: Air doesn't possess weight, so it can't be matter.
N (From P-6B)- - |

You are incorrect.

Air does have weight, and it~cen be weighed. The barometer, besides
'béinc. used by weather forecasters, can be used to measure altitude by
. |measuring the weight of air.
The earth is surrounded by a layer of air many miles deep. On a
mountaln, there is iess air e.'bpve you to be weighed-than is above you.when

you are at the seashore. This difference in the amount of air can be

. i e
weighed by a barometer. From that measure, it is also .possible to estyfte
your altitude,

Now, return to Page 6B and select the correct answer. \ :

B | .

YOUR ANSWER: Compounds ‘do not retain the chemical characteristics

(From P-8) of the elements which are combined to produce them.
4 : £ e

¥

/ You are correct.

® The comp&und water,. for example, will not burn; but the ga.set; wvhich are “

chemically combined to m&ké%xp vater will. We can ‘breathe oxygen, but can

=

P

we breathe water?

The chemists' name for the smallest part of an element that retains the

chemical properti_qs of the original element is "atom! The atom is the-

smallest particle of an element which can enter into chemical combination.

-1 Now turn to tiz’e top of Page 9 and continue.-Do not forget ‘to cover

&our answers before you write your anmswer, : .




'Pa.r,u 11 - /L#

10. klectrons (:) ure particles thut travel in rings
around the nucleus.

Which number labels the electron ring

of this atom? ( ) -
i N\
2 — A
—__©®
~
g 11. The nucleus of an atom contains two Kinds of
particles called protons and neutrons

i

Label Ahe varts of this atom's nucleus.

(1. RNeutron 12. The symbol for an electron is (E).
2. Proton) The symbol for a proton is D).
The symbol for a neutron is (n).
L-.l?eI these symbols.

| ®
- ®
®

13. Several atoms may mmke up a

14 The nucleus of an atom contains two kinds of/f;a.z"ticles.

3 The nucleus is made of (electrons and protons/protons

o and neutrons/electrons and neutrons).
! _
& —
| Protons add | 15. Atoms have two parts, / Q :
neutrons) . ~ { ®
_ 'y and one )
+ - ) _ /

or more___-

’

¥

; - 19v
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[YOUR ANSWER: False
(From P-16B)

No. No. We have just said that each elex2at nas an Atomic Number that

corresponds to the number of protons in one of its atoms. - All elements have

. different atomic numbers.‘ It has also been stated that the normal atom of
al.f e:’i.ements is electrically balanced. So each must have a different amount
of electrons -- right.

Think this over and go back to page léA and continue.

o (

YOUR ANSWER: ™ Ten protons,
(From P-21)

Right. Fcr the normel atom to be electrically balanced, it must have

LY

the same nimber of protons as it .has electrons.

The simplest of all atoms as far as the \T{ : g\\
number of brotons and electrons are concerned ‘ \ @ )
- §is hydrogen. The normal hydrogen atom contains ~_”

one proton and one electron.

-

Every eieme“nt is assigned an atomic number. This numver is the number
of protons th. atom has. Hydrogen has 1 1. >ion,so an atomic number of l.v'
Copyer with its 29 protons is assigned an atomic number of 29.
L . In addition to electrons and p%tons » all atoms, except the hyclrogen‘7 atom,
Jbave other particles called neutrons. They are electrically neutral and- tm;s
have no effect on electrons. They add weight but they do not éha.nge chefnical
ar electrical qualities.

' { an element has an atomic number of 17, how Jany electrons would, thls
nt.o.l have in its balanced state?

Not. enough Iinformntion, Pure lar
17 electron: Page lh.t..




(Nucleus
electrons)

16. Traveling around the nucleus are particles called

electrons. :

This picture shows ' . 4 \@? &
traveling in a ring around the - @ A
, /
—

(Electrons)
( Mucleus)

17. The nucleus of an atom is formed of protons> and

L o *

5

(Neutrons)

18. The electrons form rings around the
(nucleus/proton/molecule /atom).

19. The nucleus of an atom contains both
neutrons and protons. '

In this nucleus, how many protons
and neutrons are there?

( )neutrons

)protons

\

K Electrons)

! 4
20. In an atom, the rings around the nucleus contain
. . -L .

>

21. The nucéleus of an atom contains
and i - . :

S ' .

22. A proton has a positive electric charge. The
+ sign stands for the positive charge.

Which of these represents a proton?

ENCRONOROR




Page 14

1lkA

YOUR ANSWER: Not enough information is given to tell how many electrons an
(From P-12B) element with an atomic number of 17 would have. :

You are incorrect . %
L]

Yes, there is enough information given to determine how many electrons
)

this element would hqve;

»

~
-

. . . & ’
We said the plement was electrically balanced,so we know there are as

many elcctrons as protons. The atomic number is determined by the number of

protons an atom hage

Now, -return to Page 12B @and try, once more.

148

YOUR ANSWERS), Ten neutrons. ) )
| (From P. a1) '

Perhaps you are confusing protons and neutrons. Protons are the particles

.

with positive electrical charges. Neutrons are those particles with a
neutral charge -- neutron, neutral. . s . . X

Whet we saia was not that the number of‘neutrons eqnals“the number of
electrons, but that the number of protons in the normal atom equals the number
of electrons.
The number of neutrons in some atoms is equal to'tne number of protoné
or' electrons, but in other atoms, the number of neut\%ns may bé either more
or less. So, 1f we are told the number of electrons in an atom, we cannot

tell how many neutrons it has. . ‘ .

Neow, return to Page 21 and try again.

20Ve~EL ~G€




" Page 15

23. Draw a picture of an atom.

Show 2 electrons in the
ring around_the nucleus and

2 protons (P) and 2 neutrons
in the nucleus.

-

E

2h. An electron has a negative electric charge.’
The - sign stands for the negative charge.

-~

~ Which of these represents an eleéctron?

oo -

25. In rings around the nucleus are particles ce;.l.ed

If a particle has + charges and - cﬁa.rges s the
net charge is the algc{oraic sum of the charges.
] ’ N,

If & particle has 3 (' + ) charges and 5 ( - )
charges, the net charge is ( +3 ) + ( -5 ) = ( ).

Protons have a

electric charge.
. The sjmbol 'for'fhis kind of charge is ( ). “

-
i

28. What 1s the net charge on these particles?
(+) . -

Yololole

+1
+2

Continue on Page 17.

. 29. Protons and neutrons make up the

atom.

194

of an




y

YOUR ANvaER' 17 electrons.
(FrOm P-12B) .

You are correct.

a

©

S : N\
Since we said this element was electrically balanced, we knov there are

8s many electrons as pro‘l:on%y The atomic number gave us the number of

-

protons 1n0t s element. ‘ :
=/ . .

0f the 100 or so elements thutare known today, each has an atomic number.

an.mple- . )
Element Atomic Number Element ‘ Atomic Number .
Hydrogen 1 Krypton o . 36
Helium 2 Silver ” L7 ,
_Carbon 6 Gold’ 9
Oxygen v 3 Uranium ~ 92
_Copper 29 Mendelevium 101

A" <ompleté chart of the elements can be found in most chemistry and

physics books . - .

Ea.ch of the 100 or so elements that have been iadentified has its own

L n . — —

distinctive atom. - ' . g

. False Page 12A
True A Page 18 \'.;,'
' S . bl d
o i
YOUR AfSWER: Five protons and five .neutrons. N
(From P-21) '
, Ne. The principle behind this question is in the following statement: .
)

In the normal atom, the number of protons =y
eq_ua.ls the number of electrons. , s

This says nothing about neutrons. Some normal a.to;ns have more neutrons 1
'!;ha.n ;;rotons , some have the same number, and some have fewer. Simply know- " 1

ing the number of protons or electrons tells us nothing about the numbér of

neutrous. i L
Now, return to Page 21 and select the correct answer, ' ‘ _l : )
____'- — - . ——




"

E—-

+

(Nucleus) 30. A neutral charge means a net charge of zero.

nou_ /50

Whiéh of these has a nautral charge?
(O ® 0 O
00 @ &6

D

L

1. The net charge on an atom is the ‘/-\

a]geﬁraic sun of the charges of
the protons and the churges of
the electrcus. b

What is the net charge of this
aton‘{ ( 4) i ,

+ ~a— — . r——

32. In the ring ercund the nucleus

of this atom is one.

Name Charge ’ anboi for charge

33.
Proton Positive 5
Neutron Jeutral : 0
Electron Negative (
34, This picture shows positively

charged protons and neutron
in the . ——0f the atom.

35.

Continue on Page 19

P . ?\
Neutrons have & () electric charge. ,
Electrons have a () electric charge.
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@
¢

s " —
‘J YOUR ANSWER: True, each of the 100 or Sso elements that have been identified
(From P-16A) has its own distinctive atom.

You ang right,
The atomic number télls us how many protons the atoh of an element has,

The normal atom is electrically balanced-- so for eak;h proton, one electron.

/

f L : .
Since we have spoken of electrons being in orbit, it is only natural to

'compa.i‘e the atom to our solar system. However, such comparisons are mis-

o -

leading. The solar system looks like this:
. ¢

N -~

SOLAR . SYSTEM

€

S ATOM S
1 "~ All the orbiting p‘lanet,s are in approximately the same plane. In an-

atom, the electrons do not lie in one plane but mové within spheres. at - - Y -

2 Y

different distances from the nucleus. These spheres are like the layers of

"t

an onion. In fact, we sometimes call them layers. ; ﬁut, most commonly, -we

| call the path in which an electron moves a shell.

8

In the drawing of the atom above;eac)i 7 ’ —

I /—\ ~
electron ha.s\Q;S -own orbit, PRut here the ( / . \) \
electrons are grouped into 2 separate shells. \\ J / /,

The same atom will normally be drawn like this: AN S
q ¢ ' . \./ —
Which of the statements below is true? ,
! The electrons in one shell can all )
= have the same orbit, - : Page 20
The electrons in one shell can a% -
' have individual orbits. Page 22 . °

S— | 197 o ™~




o . . N N ] L
o . | Page 19 /5

. F( c ) L 36. Eleetrons travel around the nucleus
.( ) in paths called orbits. . r \Q
~ d ) i <:*
" ‘ There are 2 electrons in the
nearest the nucleus and 4 electrons ( @ ‘ \
- in the farthest from the v\\
\ nucleus. c . \ \6/ :{
o _ o —
v
'Q Y ¥
/
(orbit) 37. The electrons that ring the nutleus hav(Q ( ) charge. l
(orvit) Prptons in the nucleus have a ( ) cha.er.
: : Neutrons in the nucleus have a ) ~———nftharge. 4
\ ;
(=) 38. Which of these palrs will have a net charge of 07
( + ) . .’ .( )' ) g
( Neutral \ : 7 N ‘o
or - . D .
™o @O |
S @ @ @ ©
| |
(c) . 39. Traveling around the nucleus are small pa.rticles
ealled
. F(hectrons) 40. The has a negati?{ charge. \\ 0
. ; \ :\ ':\L :
(Electron) {41, A positively cha.rged particle found only in the \
nucleus of an atom is called a '
J ] — ? ) N ad ! : ' \\‘f"\
.J(Proton) . {42, A molecule is made up of two or more R .
‘v ) b «\ ¢ s
(Atoms) ~ |43, Draw an atom wl.th two electrons @ , two protons?\—\ ’
1.- \ | = (*) , and one neutron @ (Draw at bottom of ppg\e,)
/ ., Continue on Page 21. . 1




Page 20

v

YOUR ANSWER: The electrons in one she
(From P-18)

1l <an all have the same orbit.

> pe . K
No, let's gb over it once again.

Electrons orbit around the nucleus in spheres at different distances

f ELECTRON o . from f:he nucleus, The electrons are 4
SPHERE . . grouped into shells according to the
size of the, sphere the 6rbiting
i a ' o :1ec%rom meke.
Wh;n you see or dra:v a pictu:?p of an a.tom;the electrons are grouped .
into rhells as in Figure A below., But remember each electron can have its .
own o~bit within the shell it A8 grouped, as, shown in Figure B below. |

FIGURE A o e FIGURE B

g\'.‘rn

)

Return to Page 18 and select thelcorrect answer.




, " Page 21
S . \
—— e - v . s
7 \q . | 4b. " A neutra)l atom is one that has
AR " 1. an equal number of -protons and neutrons. .
. \ 2. more electrons than protons.
l ., 3. the same number of p{o}on/s as electrons.
b ¢/ LD e R o
& 9
N —— X (\Z ) . " ‘ .
(3. the same hS.\The smallest part of an elément is a/an .
number of protons ‘ ‘ o : :
as electrons) _
cf . “ ’ P} ' -
‘§(atom) < |46, Here are diagrams of the atoms of four different .

_ eléments. The - sign indicates the negative charge

] of an electron. : The + sign indicates the positive
S . charge. of a proton., - . e

w—\

[
\
,I
\
/
.’
\
d
N

v } s ’ \
-\ : Y O
g HYDROGEN HELIUM "“  CARBON ' OXYGEN B I

. Y
© .

i, | These are normal atoms. That means that the e‘lectxﬁcai charges ir the {

" » 0 .
atoms are balanced. 'l'he number bf protons exactly equals the number of

electrons in all atoms in their normal at&te.' Therefore, the negative charges

\

of the electrons exactly 'ba.lahce: the ;gsitive‘cha.rgee on the protons. That

‘His vhy a normal atca is described aa‘eleétricmy balanced. Note that the

presejce of neutrons has no, efreéf;beepuse ‘neutrons age themselves electri-

c;]JJ'; neufru.l.

)

The normal atom of the element neon hh ten electrons,
v ; C L
what "ptu-ticle’s can we be sure of f:lndfi;ng in its nucleus?

_'J.‘en protons. * . Page 12B ¥

Ten neutrons. o Page 148 /j
Five protons and

&= five neutrons. nge}EB )

Bl




‘{shells K, the maximm numbers of electrons in each shell ére 2, 8, 18, 32, 32,€

d .

Page 22

.

YOUR ANSVWER: The electrohsv}n,one sﬁéll are all in individual orbits. , \‘P

{From P-18) .

1)
W2 .

Right you are. Very good.

Eash shell, according to its distgncelfromﬂthe nucleus, can be comp;sedr
3? a maxirmm number of electrons, Beginginésﬁithgthe innermost.sheli and
working outward, the shells are lettered,starting with X and running

)

sequentially to Q in the most compléx elements. Starting with the innermost

N

18, 8’ 2- ‘.

Now when the outermost shell of eny atom has 8 eiectrons,the shell is

shell of their atoms will not combine readily with other -elemendbs and these

elements are classified as chemically inert. There arfe only 6 of these

elements found in nature: Helium, Neon, Argon, Kryton, Radon, and Xenon.
- i .

In electronics, the outermost shell is shell W -are interested in.
’ . . . PN
It {s the number of electrons in this shell that will determine, if & material

is a gocd conductor of electricity or 'a poor one.

The outermost shell is called the Valence Shell and the electrons in the

Valence Shell are called Valence Electrons. '

~ Ereey

-

' VALENCE SHELL
/—‘\ //

—_—-_ !

. Q’Ot\l"\\
N Na oSN LA
Q). {i®] O D)o

\
)
\ o
e ! /

-~
N
.-—/

VALENCE ELECTRONS

Now continue at the top of Page 23. . ~

205

complete. In cL;mistry,the elements that have 8 electrons in the outermost y |

%

- 2026~¢L -gYy
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1. A neutral atom is one that has’
1.
2.
3.

an equal number of protons and heutrons.
more elec¢trons than protons..
the same number of protons a.s ! elgctrons.

b('

(3.

the same

number ‘of protons

as electrons.)

t

Draw a nucleus with two electroﬁs in orbit around it.

2.

i
~—

f

N
S

\\

-3. ~ The outermost shell is called. the VALE:NCE shell or
N ring.
bt
: —_— How many electrons are 1n thg P’ - \
7~ H " valence shell of this atom? ~ . \
(@) 7T e
e~/ i >
"‘ ’/ . .o /
\& /
h; . | " ~ /
(3) L, The shell is ca.lled the valence
shell. \
- »~
(Outermost) 5. The electrons in the va.lence spell or valence ring are
| called VALENCE ELECTRONS. - .
Valence electrons are loca.thfé,in the_ shell.
(Valence) v |6, electrons a.rei located in the valence
she].l of an atom. 1
(Valence) 7.

Ir a‘g;NI‘Iﬂ_'I;AL atom has 4 p;}of,".ons, it must also have

Y

3

et

e e A T P e b
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YOUR ANSWER: Yes. ‘ o -
( From P- 31‘) el

°

You are correct.

The single valence electrch pf.éilver and gold, as well-as of copper, is
easily jarred loose. It is the availability Af this electron that makes
copper so important in electronics. Silver is used, too, and occasionaily
gold, but cost prohibits their being used as widely ;s cbpﬁer.

You have beeﬁ told that the normal atom is electricaily balanced becauée
-§it contains an equal number of protons and electrons.

Wher. an atom gains‘or loses an electron, it becomes electriéaliy
charged, because it is no longer in eleqtricél balance. The“atom that has
been unbalanced by the gain or loss of an electron is called an ion of 1'.hm'.r~
atom. Ions, clearly,can be positive) or negative, depending 6n Qﬁether they |
have a shortage or surplus of electrons. . ‘ o

Here are diagréﬁs of chloigne/;toms. One is’ a normal chlorine atom; the-
oﬁher is an 19nized Qflorine atom.

/O/’—;}-O\\' L T 0N
. // ;JCC)—~\:FK‘E2 'gj ;31()'*~\C{ aa,
\ ‘ . / \
QQIENIST
\\O\\—O//dff S Q \-d,d;j
oL 005
W ' S
A ' B

4

™ ,
A is the ion and it is positively charged.

B i3 the 1oh'and.1t is negativély charged;

7




j; P&ge 25 ’
(4 electrons) 8. If an atomphas 2 protons and”2 electrqns, it isa

¢ " atom.
(Neutral) 9. Sometimes the valence electrons are called free
electrons. :
. 4 Free electrons are found in the - shell.
\ . ) ) . . 1
(valence or 10. * An atom with more protons than electrons has more
outermost) positive than_- charges..
,’7/; 7‘\\ J . Y
(Negative) 11. In this picture of a charged atom, - ’ .
. there are ( ) protons and (. ) - : ’_@‘ §
‘ . Ny \
electron(s). ’ / .\
- ’ .
Y o
. Therefore, the atom has a__ NI @ )
charge: : ey \\ /
: .. ’
- ' - 1
22) (1) . os - j12. , electrons are in the outermost
I Positive) shell, ring, or orbits. |
i - "
(Valence or 1 Which of these pairs will have a net charge .of -2?
free) 4 B ¢
oo @e .

v Sv & w |

o E) 4. The nucleus of the atom is made of neutrons and
protons. The neutrons have a O chargey, the
protons have a + charge.

& o JT
.Therefore, the net charge of a nucleus is ( ).
. _ : ‘

_::xin-_g..zl s oo : i : "

, COntinug on Page 27.° Ca
I‘y‘ ' °
. : - v
& '
. L
. . . )

,Q




Pagé 26 -
—

26A

YOUR ANSWER: A 1is the ion and it is po'sitively charged.
(From P-24) o ,

You are incorrect. A

An fon is an atom that is electrically unbalanced. It has either a
negative or a positive charge. And that' means 4t ha.s eithef a surplus or a
deficiency of electrons. It has gained or lost an electron for sOme reason -
Your counting cfm't ;be accurate, If ypu look again you will find that in

1llustration A there are equal numbers of electrons and protons. And that

means that A is not an illustration of an ion.
o, |
\‘\q Q

Q) |

/ Pb‘\ (;? - | ?5;?’
10 '
\ Q\O—(?/ 55 b\a\

\O\\
2
%q

&)

Q

, A ‘
B 0
A is the ion and it is positively charged. Page 26A (At top)
" B is the ion and it is negatively charged.  Page 28
268

YOUR ANSWER: One negative charge each.
(From P-28)

This answer is correct as far as it goes. It tells us that-the charge
is negative, but it f.oesn't tell us anything about the size of the charge. ‘
As you know, the charge of an electron 1s the smuest negative charge known,

There 1s a special name thatlipdice.tes this size of charge.

|

' Now, return to Page 28 and select the more ccamplete answer.




Electrons in orbits near the nucleus ai-e called
"bound" electrons. B

Particle A is a
- Is B a bound electron?

(Yes/No). .

electron.

el

(Bound) 17. The three particles of the atom you have studied
7o) " are called : , , and
. Y .
(Electrons, 18. This atom has a (+ / - / 0) charge.
protons, s
neutrons) .
(Any order) .
( + ) 19. Only those electrons in the ocutermost orbit
around the nucleus are called
or valence electrons. .
(Free) 20. All electrons of an atom except those in the
outermost orbit are electrons.
I(Bound) 2l. An atom that has a + charge must have more

than .

a

Continue on Page 9.
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Page 28 - ‘ '
YOUR ANSWER: B is the ion and it is negatively charged. ’
(From P-264) - .

Yca are correct.

Figure B has one more electron than is needed to balance the protons in

the nucleus, . !memfdre, it has a negative charge. If 1§J bad one less

electron than is needed to balance the protons, it would have had a positive

cha.rge. o A “

A proton and a neutron .are sbout the same size and weight, but each is ) |
only ore-third the size of an electron. This means that protons and A -

neutr mns, wh:l.ch ma.ke up the nucleus s are mich denser than electrons. ;
_~—~4It's 2ike ccm::a.ring a bowling ba.'Ll to a circus balloon. ‘

lhe electron is the smallest negative charge known. It has exactl.y the

sane strength of charge as a proton, but, of course, a proton and an electron

have oppos.te charges. We say the charges of an electrgn a.nd a proton are

equal and opposite. These charges are referred to as elemental charges,
What charges do electrons haw're? '
One negative charge. | Page 26B

One neg'ative elemental charge each. Page 32B




(Protons)
(Electrons)

Q

. v Page 29

22. All the + charges of an atom are found in the
of the atom.

( Nucle\..ls ) |

23. This atom has a_ charge.

(Negatiye)

2hk. An atom which does not have an equal number' of protons
and electrona is an ion.

An unbalanced atom is an__" .

(Ion) 25. An atom with more  electrons than protons is a nega.tive
ion and an atom with more protons than electrons is a
positive ‘
(Ion) 26.° An atom with more electrons than protons has a -
N . charge and is a ion.
1(Negative 27. An electron has a ' ._charge,
"Negative) : :
(Negative) 28. An atom with the same number of electrons and p:otons
has @ charge.
(Neutral or 29. The valence electrons are in the: shell.
Zero) ' :
(Outermost or [30. Matter is all things that have  and

Valence) -

Continue at top of Page 31.




- Page 30

To summarize this set:

1.

11.

Metter is Anything which has weight and o'ccupies‘sps;ée.
Molecule ' ‘ :

a. smallest part of a compound.

b. consistSof 2 or more atoms chemically combined.

- Atom

a. 9mallest part of an element,
b. consistsof electrons in orbit around a nucleus.
(1) Electrons have a negative charge.
(2) The nucleus consists of protons and neutrons. :
(a) Protons have a positive charge. o
(b) Neutrons have no charge. °
Elements
a. are materials that consist of only one type of atoms.
b. Over 100 elements have been identified. =

Compounds
consist of 2 or more elements chemically combined \

The atomic number assigned to an element is the number of protons in an
1nd.1.vidual atom, :

The. net charge of an atom is the algebraic sum of the protons and
electrons. in that atom. _ , R
E4 e

Valence electrons are the electrons in the outermost orbit.

An atom is normally electrica.].],v ‘ba.'l.anced because it has an equal number
of protons and electrons.

If an atom loses or gains an electron,it becomes a charged atom.

a. A charged atom is called an ion.

b. An excess of electrons results in a negative charge; an atom in this
. condition is called a negative 1o OB

c. A deficiency of electrons results in &-positive charge; an atom in
- this condition is called a positive ion.

Tre coulod: : ,
a wmit of electrical cha.rge. 18
1. a specific number of electrons or protons (6.28 x 107 to be exact).

The End.
Go to page 35.

a

&
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o

v ' (weight " 3l. An iom is a charged . ﬁ
occupy space) A ) i
(atom) “* 32. An atom with a - charge has aore - than %
(electreon o 33:"-4; atom with more electrons than protons is a i
protons) 7 ion, .
(negative) 34. An electron has e : charge.
’ (negative) "}35. This is a diagram of a copper atom, It has 29
electrons and 35 neutrons.

VALENCE
- ELECTRON

Note that there is only one electron in the outer shell, This shkell is

4
called the valence shell,

- . .\ '
The valence shell determines the electrical characteristics of un atom.
~ Electron flow thr & copper wire, or any electrical conductor, can take
\/ _

N . . < ; .
place because the last shell of each of the conductcr’s atoms is not complete

Jand the movement of electrons from one atom to ancther is possible.

The elec7r0n§ in the valence shell are called valence electrons. The

copper atom has one valence electron., The atoms of golq and silver also have

qone valence electron each.

Are the electrical charncteristics of gold and silver similar to those

of copper?
Yes. . ) Page 24

. i | No.. ‘ Page 324




N

(From p-31)

Why not? It is the availability of valence electrons that determines
how atomes act electricﬂl.ky. Thus, d:l!.teren# /g}om with the same number of
valence electrons will beh?nve electrically ;n mach the saire way.

Now,‘ return to Page 31 and select the correct answer,

YOUR ANSWER: One negative .elemental ‘¢harge for each electron.

Youv are correct. . ,
Thevre's t;ne negative elemental charge on each and every electron; one

) positive glemental charge on each and every proton.

This élemnt;.l charge is too small for pra.ctica.i use, It's so sm.];

that if the electricity used in your hotee were measured in elemental charges,

. § . N — 5
your electric bill would be covered with numbers Just to tell how much 3
: L

electr1¢1ty you used. ‘ .

Fcr practical purposes, the size of an e;\&cica.l charge is measured in
units ca].‘l.ed. coulombs, Coulombs are nmd after a Frenchmen who was among
the firs;t to try to mea.su/re the strength of electrical cha.rg S, L‘lﬂ‘t)ere
6,280,000, 000,000,000,000 elemental charges in one coulomb. ztt you were to
rewrite this number in powers of tens, which you will learn about later, it
would e 6.28 x lO (te].].s us the dec:LmJ(. point was moved to the left 18
places.) From now on,vwhen you are asked "What the pgaf;tica.l unit of electrical

18 elemental charges.

charge 1s?"-- it is one coulamb or 6.28 x 10

' Co to the top of pege 33 and continue.

20z6~tL =39
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l.. The practical unit of electrical charge is the

-

2. The charge on an'electron is a/an
elemental charge.

L 2
. 3., . The charge on a proton-is a_-_- " elemental )
" ‘' charge. . .
| g
b, 6228 x 1 18 elemental chargesare one

-

5. The practical unit of electrical charge is the

™

6. The atom that has 6 electrons and 5 protons is a
negative . o

D

7. The smellest part of an element is a/an, j
t . . . 1

8. The smellest part of a compound is afan__~__ e

9. An atom that has 2 electrons and 5 protons is a

- *

oy : .
u (positive ion) 10. A compound is composed of two or more R |
. .Chemically combined, ¢
o o ~
(elements) ‘ 1l. Draw an atom with 3 protons, 2 neutrons, and 4
. SN electrons (The first shell can have only 2 electrons

in 1t.)

¢




h

m—

o/12. Which of these pairs will have a net charge of -67 -l

00 ®0
OO0 06 6O .

13. Two or more atoms may combine to form a

14, 1. A proton has a ( ) charge.
2. A neutron has a .charge, \
3. An electron has a ( ) charge. ,
4. The nucleus of an atom has a charge.

(+)

2. neutrmil or zero

15. The smallest physical particle into which matter can

be divided is called a/an

‘d .

(Aton) - 16. Free electrons are in the

ashe].l of an atom. .

Other electrons in the atom are called

electrons.

| | . - .
(Outermost or 17. Molecules can be broken down -into .

valence) 0 .

Bound)

(Atcms) a 18. The outermost shell is ca.lle'd‘the shell,

N :
- |
(Valence) 19. The norml hydrogen atom, which has 1 proton and l
‘ electron has a net cha.rge of.
(Zern) . .

Cortinue on Page 30.




X.

2.

3.

L,

Se
6.

7.

8.

9.
10,

REVIEW TEST FOR ELECTRICAL PHYSICS

Matter is defined as all things that have, and )
‘The smallest particle of water that still retains the characteristics
of water is s/an water.
Matter which consists of only one type of atom is the definition of
a/an . : :
Canpounds are formed when 2 or more are chemically
%qubined.
Use Figure A below to answer questions 5 through 11,
%ﬁv . : . i

- NEUTRONS g?
How many Frotons are in the atom? ( ) LlLabel them P, q
Hov many electrons are in §§ atom? ( ) Llabel them E.
The charge of an electron is\ : .
‘The nucleus has a | charge.
The net char of the atam is (). - '
The neutron has a (positive/neéative:/neutra;) charge.
How m.ny valence electrons are shown in Figure A above?




o SN o . AT

12, - A silicon atom ha.s 14 electrons, 1b pu,-otons, a.nd. 12 neutrons; what
will its atomic number be?. )
13. Tie outer shell of¥an atom is the ' shéli.
14. An atom in a state of electrical balance has & net charge of
15. which electrons would be the easiest to displacel
a. Negative elesctrons.’ * \
b. Bound electrons. \
c. Valence electrons.
d. Neutrons.
16. Which of the following atoms is in a state of electrical balance?.
o - ‘ . - - oy
o, .‘\‘ _ 3} o™~ . P "\\
NSRS HON
O /,l ' \ o \\ S
A B (o

- A noxmal atom which bas lost one electron ln.s a._

/The unit of electrical charge is the
=] /

charge.

Ifana.tcn@.instwbelect ns, itwilltnvea.
cmrBEQ S

An ion %13 3./a.n (ba-lanced/unbe.hnced/nzutrﬁ) atom.

o
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" PURPOBR OF STUDY GUIDES, WORKBOOKS, PROGRAMMED , TEXTS AND WS
. £ )

Study Guides, Workbooks, Programmed Texts and Handouts re t;raining\

publications authorized by Air Training Command (ATC) for student use in
ATIC covrges. ' ' ‘

- The STUDY cUIDE (SG) presents the 1yf3mt’1&n you need to complete
-)E the unit of inetruction, or makes assignments for you to read in other
v publications which contain the required information. ‘

S

achieve the learning objectives of the unit of instruction. Knowledge
acquired from using the study guide will help you perform the missions.

or exercises, solve the problams, or answer questions presented in the
workbook. -

. The WORKBOOK (WB) contains work procedures dw{.:ned to hel\p you -

s

. .~ [ - -
The STUDY GCUIDE AND WORKBOOK (SW) contains both SG and WB material

under one cover. The two trainin Publications are combined when the WB
is noy “;iigncd for you to write in, or when both SG and WB are issued
~  for you'to keep. S : ) g

provisions for you to actively respond to each step. You are given /
ismediate knowledge of the correctness of each responge. . PTs may either

The PROGRAMMED TEXT (PT) presents information in planned stéps with. 1
1
replace or augment 5Ge and.WBs. 1

The HANDOUT (HO) contains supplementary training materials is the

form of flow charts, block diagrams, printouts, cage problems, tab/eo, \
' forms{ charts, end similar materials.

/

ere updatéd ag necessary for training purposes, but are to b€ used
on th: job as authoritative’ references in preference to 5 gulations,
Manuals or other officfal publications. y / :

« Training publications are designed for ATC course 'ézc onl%&7 They

&
// ’

/
/
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. " ASSIGNMENT SHEET .
This assignment sheet should be used when: o '. ‘

. You are to complete Jonly a part of 'thgi:sj text.“

. Your assignment within this text is dwxded into two or more

rea.dmg periods. I . ) .

Ve .
Your mstructor will m‘a.ke a.ss:.gnments by 1dent1£ymg specific ob;ectw:-s.

text ma.tenal, and’ review questions.-
: N

R 2

ASSIGNMENTS ' ...

) ) . i . v
(OBJECTIVES TEXT MATERIAL 'REVIEW QUESTIONS 1
(by No). (by Page) . . (by No)
rr'
. .1 ‘ I’ B
/
i /
¥ /
L]
//
@ N ’ -




‘List the three states of métter.

MATTER

OBJECTIVES

Write the definition of matter.

Identify the states of matter from a given list of diagrams which
show the transfer of each state of matter from one container to
another.

Match the terms volume, mass, universal attraction, weight,
density, inmertia, porosity, impenetrability with a list of
statements describing these terms.

Draw the 'Magic Circle" for weight, volume, and density; and
write the formula for finding:

a. weight

b. volume ‘ ' o

c. density

Match the terms element, compound, molecule, and atom with a
list of statements describing these terms.

SUGGESTED READING TIME 57 MINUTES

AT - 89€6-TL

.o




1. The earth and the planets, or anything that can be

found on or in them, take up_spaée and have weight
(a vacuum does not have weight).
These things are called matter.

Matter is anything that has weight and occupies

SPACE 2. The pencil you are writing with has weight and
occupies space. The pencil, therefore, is
i considered 7 .
MATTER # | 3. You are surrounded by matter. The air you breathe,
the food you eat, your own _hody are all matter.
1 These things and anything that has weight and
occupies space are called | - .
§ MATTER "4, The definition of matter is anything that
: “and . .
3
| 5. What is the definition of matter?

HAS WEIGHT

OCCUPIES SPACE.

CONTINUE ON PAGE 3

o




?f,’_’

(From page 6A)

274 ¢
You will be embarrassed when you return to page 6A and look at the dia-
gram you said represents a solid. Go back now and think about your/‘

choice. You will find that it does not have the properties of a solid.

Choose the correct one and continue the program.

~ (From pages 4A or 6B)
2B .

Good. You know how liquids react and look when transferred from one con-
tainer to another. Gases will react in a certaip way, too. They will{ _
. § .

assume the shape and the volume of a new container, as shown by heliuﬁ

being blown into a balloon. A set of diagrams showing the transfer of )

gas from one container to another wouid look like:

If your answer is: Turn Eo page:

» ’ ’ 4B .. '_
@ - -

' ‘]IIIDTO 6A

4

|75




- ANYTHING THAT

6. Matter exists as a solid. It also exists as a
HAS WEIGHT AND o i
OCCUPIES SPACE. | gas and a liquid.
The three states in which matter exists are
and
SOLID . . 7. Water, blood, and gasoline are liquids. Stéel,
LIQUID '
GAS 1 _wo&d,qnd ice are solids. Oxygen, €o,, and water
vapor are gases. Géses,] solids, and liquids
are the three .’ of
STATES 8. What are the three states of matter?
1 MATTER . » °
1.
2. - T
A
3. '
SOLID : 9. Each stateiof matter behaves differently when .
LIQUID ., ' '
GAS , moved from one container to another. When the . -
gas from a can of "Spare Tire" is released intc a )
. : J
tire, it occupies thg volume and assumes the shape
_of the tire. If milk is poured from a pint bottle
into a guart pan, will the liquid assume the shape
and the volume of the pan?

If your answer is: Turn to page:
Yes 4A
: No 6B

222




|

(From page 3, frame 9)
4A

Incorrect. It does not assume the volume of the pan. If you pour the
milk (1 pint) into the pan (1 quart), will it £ill the pan?- Of course
vhoot, but it will assume the shape. This is the way liquids react in the

transfer process. They assume the shape but NOT the VOLUME. The trans-

L4

fer of liquid shown as a'diagram would loolk like:

If your answer -is: Turn to page:

) 2B
TO ,

8A
TO

(From page 2B)
4B :

Gas will take up.the entire space and assume the shape of the new con-
tainer when transferred. Return to page 2B and look at the diagrams;

see which set of diagrams representsa gas and then turn to the' correct

answer page.




10. You are not reading what you should be! If you

had followed instructions, you wouldn't be reading

this frame. Return to frame‘9 and continue the

program.

{ From page 204 )
ANSWER TO 20A 11. An ELEMENT is a substance that cannot be reduced

W= DV ‘to simpler substances by chemical means. Gold,

D= % oxygen, and platinum cannot be reduced to

- %’ (\ \ ‘ simgler substances by , méans
' ) because they are . .

CHEMICAL 12. A substance that cannot be broken down f§:5 a

ELEMENTS ~ - simpler substance by chemical means is called. °
a/an .

ELEMENT .13. Elements are the basic substances that are com-

*  bined to form th; many things ;hat we know as
compounds. Water and sugar are examples of com-
pounds because they are a combination of two or
more elements. An element cannot be reduced to a‘.

by

chemical means, and a/an

is made up of two or more elements.

CONTINUE ON PAGE 7




(From page 2B)
© 6A

Right. You have shown thaf you know a gas will take the size and shape
of a new container if transferred. So far, yog.know what liquids and
gases do when they are transferred from one contéiner to another,
Sclids react entirely differently. They assume»NEITHER the shape nor the
volume of the new container. Move a bloék of wood froﬁ a small box to
the back of a truck. It does not change in shape or volume. Shown asra

diagram, transfer of solids would look like:

If your answer is: Turn to page:
P ’
EI]]]]]J]III[I) to ‘ 24 ;
X - to 108

(From page 3, frame 9)
6B , !

Very good. As you have shown, liquids aSSﬁme the shape of a new container
but not the volume (unless the two volumes are the same). This- can be

shown in a diagram, which might look like: .
If your answer is: N Turn 'to page:

- ) 28

13B
‘to

R25
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" COMPOUND

. broken down or chinged into something simpler

There are u.hn'y common things that are elements
or compounds. ‘Hydrogen, iron, aluminum, carbon,

and tin are all examples of

because it has been found that they cannot be

(by chemical means).

ELEMENTS - 15.

., + wood, paper, salt, and air. In order to be

Some common examples of compounds are earth,

classed as a compound, the substance must have

at least _ elements.

™o 2) | 1e.

. meats. .They are known as .

Plastic, cotton, and air can all be reduced to a

material or substance that is simpler or different,

since they are made up of several different ele-

COMPOUNDS 17.

Matter is made up bf very small particles called
!
atoms and molecules. These two small pqrticles

are different,since it takes 2 or more'atoms to
make a ‘molecule. Ahothet way to say it is-- an.
atom combined with another atom or atoms makes

a/an l .

CONTINUE ON PAGE 9




.U(From page 4A)
8A

Wrong. The diagram shows that the liquid is assuming the shape and the
volume. Liquids will assume the shape and the volume ONLY when the two
containers have the same voiume . This, of course, is not characteristic
of liquids. Go to page 4A and choose the diagrams showing the transfer

of liquid from one container to another.

-

(From page 10B)
8B .
ANSWERS TO PAGE 10B - - a. L, b. S, c. G

)

A2
Identify the state of matter in the diagrams below that show the transfer

L

of matter from one container to another. The shaded area represents
matter. Fill in the biank between each set of diagrams, using a G for

gas, L for'liquid, and § for solid.

-
0}

@
om0 @
o 0
3 S ap
. W e
0

[ -]
Turn to page 104




MOLECULE

A — ——

(From frame 17, page 7)

18. An anm is the smallest p&rcicie of an element
that can combine vich other atoms to form mole-
cules. A molecule is the smallest part of a.

substance that will have ail the éﬁ;raccerinticnﬁ}

" of that substance. The smagllest part of water

chacAncill has all the properties of water is

a/an
T

14

MOLECULE

1]

19. A molecule will have all the.properties of asoube
stance. The part;cléﬁ that make up the molecules

"and do not necessarily haQe any of the properties

of the substance are called'

ATOMS

20. Remember that a/an . does not have to

have any of the{propércien of the substance of
which it is a part.. The smallest particle of a
. [

"ub|Cance that does have all the properties of

it .is a/an

4§

CONTINUE ON PAGE 11A

.“
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(From page 8B) < :
104 . -

ANSWERS TO PAGE 8B - - a. S, b. L, c. S, d. G, e. L, £. G.

-

/

Q& ‘There are several general properties which all matter has in common.

v

These are: volume, mags, universal attraction, weight, density, inertia,

porosity, and impenetrability. Would steel have the same general proper-

ties as wood?

I1f your answer is: ' Turn to page:
Yes A 143
4
No - 124

"~ {(From pggé 6A)
A 108

RIGHT. As a quick review=- liquids assume the shape but. not the volume;
gas wil% take both the new shape and volﬁme; a solid will not change
either its shape or its volume. All these transfers frbm ggntainef to ' .
container can be shown by diégrams. |

Identify the states of matter in the diagrams below. Use G for gas, L

for liquid, and S for solid.

’

2,

- |

&

& ' | o Turn to page 8B

229 L.




(From. Page 9, frame 20) o - , .
114 o I
ANSWERS TO FRAME 20 - - atom, molacule

e

‘Identify each stateément below as a‘description of either an element, com-
pound, molecule, or'atom. Write ‘the name in the ‘provided blank.

- a. Something that is made up of several different elements.

b. A small particle that when combined with other particles of

., Similar size makes a molecule. ' ’

' N

c. This cannot be reduced to é»§imp1er substance by chemical

means.

d. The smallest part of a substance that retains all the propertfes

R : )
of that substance.

-

L e TURN TO PAGE. 14C

(From page 154)
118 A

A : 4
Very good. Apparently you know how to use the magic circle. Any one

b

of the three properties is just as easy to find. Turn to page 17A to

check your understanding of the magic circLel

(From page 13A) . . . o .o
11C - (e

Your answer, watér, is incorrect. Remembrer that densi;y is the weight
per unit volume of matter. The density’of{metcury is.850 poun&s per
cuoic foot, whereas fresh water has a dengity of 62.5 pounds per cubic
foot. In other words, a unit voluﬁe,of mercury (in this case,a cubic

. . <
foot) weighs more than a unit volume of water; consequently, mercury is

L

%gnse: than water. Now return to:page 13A ‘and select the correct answer. {g/”\*\h

11

230 o -




(From page 104) - - : ' ~
124 ,

Your answer, no, is incorrect. Wé said that there were several general
. I ‘ )

' pfoperties which all matter has in common. Even though steel and water . ' f

are different states of métter, they are still matter; and, therefore,

have the same general properties.- Return to page 10A and select -the
correct answer. o
.

. . '
Hg - . . .

(From page 14B)
12B

1 een tam i

You're right, very good. All matter occupies space; thefefofe, it has

- .
“

. volume. -The next general property we will cover is mass. ng measure
. . N ¥ ‘ . '
! .

. -
-~ ,
- T

The mass of a

\ of the quantity of matter in a body is called its mass.
| ‘ .
| given body is comstant~- it does not vary. As an example of mass,
|

. : .

consider a sponge. It contains a definit® measurable amount of mass.
Whether we squeeze, stretch, or soak the sponge in‘water, the mass will
not change, even though the size and shape may be altered. The amount of

sponge will remain unchanged. -In other Qords,Athe mass of the. sponge

L will remain constant. ' .

1

If you squeeze a rubber ball you are also decreasing its mass. : S

If your answer is:. Turn to page: , , )
~ "\ ' True ‘ ’ . 1l8D. -

False. ' 144

12

Aruitoxt provided by Eic:




(From page 164)
134

veifeie

~egh

Weightt;s'the attractive force of the earth for a Pody.

The next general property of matteg'we will cover is density. ‘Density

) _ 0 : )
is the qgighg,of a unit volume of gstter' Iron is denser than wood.-

El

This means that one cubic foot of iron weighs:- more than one cubic foot of

wood The more matter (mass) there is in a given volume of a substance,

the denser that material is. Shown below are some examples of densﬂfies.
, o »

DENSITIES
LBS./GU.FT. ° .

LEAD . 'BALSA
708 7.5
Which would_be  denser, later or mercury?
- Ef your answer is: , ‘ Turn . to page;-
water | 11¢
mercury 208

)
1
\ .

(From page 6B)
138
Wroug. The diagram shows that the liquid,is assuming the shape and the

volume. Liquids will assuma the shape and the volume ONLY when the two

“containers have the same volume. This, of course, is not characteristic

e

-of liquids. Go back to pager6B and choose the correct answer.

l
!
. i
|

L]




(From page 12B)
144

You selected false, and you're right. Always remember that the mass of
a given body is constant. The next general property of matter we will
‘cover is universal attraction. All matter attracts all other matter.
This fact was first stated by Sir Isaac Newton, and it is known as New-
toan's law of universal gravitation. As an example, the earth is bound
to the sunm by the mutual attractiSh of the matter contained in the sun
and the earth. Would universal-attraction have anything to do with
why we are bound to the earth?

If your answer is: . ~ Turn to page:
Yes . : 16A

No _ 198

(From page 10A)
© 14B

Yoy -are absolutely right. We said that the general properties of matter
were common to all matter. . \ ' '
Let's now discuss each one of the general properties of matcter, starting
with Volume.

If matter occupies space, as we found it does, it must have length, width,
and height. In other words, volume is the measure of the amount of space
which matter occupies. '

Does gas have volume?

If your answer is: Turn to page:
Yes TQB

‘No 158

(From page 11A)
14C
ANSWERS TO PAGE 1lA: a. Compouna b. Atom c. Element d. Molecule

This completes the program on matter. Review the objectives before taking

the self-test.

14
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(From page 16B)
154

No. You can only put the other two valyes to the right of the = sign.

Thus: W=VD. The formula was derived like this~=- “

As you notice in the circle, thte V and the D are side by side. They
are also side by side when they are substituted in the formula. If you
want to find the volume or the density, then your formula will change.
What is the formula for finding volume? . -

Q

. If yoﬁr answer is: Turn to pagé: f
W ;_DV | | 178 ;
V=uD 194 * ﬂ |
vel - 118 - B I

(From page 14B)
15B '

Wrong, think again. Doesn't the air, which is a 8as, occupy a certain
amount of space in a balloon? The COp in a life raft occupies a _
certain amount of space, doesn't it? The volume of gas is determined by
the size of the container in which it ig contained and thi§ quantity of |}
Volume is measured in cubic units, such as cubic inches, cubic feet, etc.
Now return to page 14B and select the correct answer,

(From page 18A or 18C)
15C

Wrong.

The fo;ﬁula for finding volume is not V = WD. The magic circle

has the W OVER the D. It would become V = g.

15
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(From page 144) ' .
- 1hA

You're right. We are attracted to‘the earth, as is the earth attracted -
to us, by universal attraction (gravitation). Of course, the farther
away from the earth's surface a body is, the less gravitatlonal attraction
there will be on that body. : :

Now, let's move on to the next general property of matter =--=- welght.
The attraction of the earth for a body acts as a’'pulf on that body. We
‘may say that the earth exerts an attractive force on the body. EEE
measure of the attractive force of the earth for a body is called the
weight of the body. As an example, .if you weigh 145 pounds, the mass of
your body and the mass of the earth mutually attract each other with a
force of 145 pounds. - Therefore, weight is the .

. A ‘ Turn to page 13A

(From'page 19C)
- 16B

. Answers from page 19¢. --1-G, 2 ~E, 3 -F, 4=-4A. 5B, 6 ~C,
' | 7 -D, § - H.

-

‘ Now let me introduce»you{to the "Magic Circle.”
Foo a0 W= Weight
qv V= Volume
D= Density

There is nothing magic about it, but it does make memory work a little
‘easier. With it,we can find any ONE of three characteristics of matter
(volume, density,or weight). You must know two in order to find the
third. To do this, take the one you, wish to find from the circle and
place the letter to the left of the = sign. : Then place the other two,
just as they appear in the circle, to the right of the = sign. For
instance, if you wish to find the weight of an object, take the W out

of the circle, put an = sign after it, and plate the remaining two known
values after the = sign like this:

If your answer is;: Turn to page: )
=¥
W= VD | 15A
W =DV 184

w=1 "
W= | ,_ 18¢

71-9368 2F




(From page 118, 15C, 184, 18C, or 19A)
174 . T :
Right! You should be ready for a test in writing formulas and the magic l
e

circle. 1If you don't feel you can derive a formula from the magic circl
return to page 16C and go through the frames on the magic circle again;
otherwise, draw the magic circle and write the formula for finding
density..

Magic Circle Formula

H ' , Turn to page 18B for answer

(From page 15A)
178 : \
W= Ev is the formula for finding weightsnot volume. The unknown must go
to the left of the = sign; so, for finding volume, the V goes to the left
% (V=). Return to page 15A -and ‘select the coxrect formula as you get it
from the magic circle. i

(From page 22A)
17C
Yes, water will seep through a cement block foundation unless the blocks
are waterproofed because of .the porous nature of cement.
The last general- property of matter we will cover is impenetrability.
No two objects can occupy the same space at the same time because all
matter is impenetrable. A nail driven into a board does not penetrate -
the wood, but pushes the fibers aside. The drawing shown below illus-
\ trates the impenetrability of matter. Explain why. v




(From page 16B)

18a
Very good. As you have indicated by your formula, the W is taken from
the magic circle and placed to the left of the = sign. The V and the D
are side by side. This, of course, means volume times density = weight.
If you were going to find the volume of an object, the formula would be:

If 'your answer is: Turn to page: o
V =W 15C
W
Ve =
D ._17A

(From page 17A) _ L
18B
ANSWERS TO PAGE 17A m and D= X

vp v Turn to page 20A

(From page 16B)
"~ 18C

No. W=% is not correct. If you take the W from the magic circle,

to fiﬁd weight you will have this ===, “p

The V and the D are side by side. It is also that way in the formula.
W=DV means weight equals volume times density. .

If you want to find the volume of an object, you substitute from the
magic circle and have this formula:

If your answer is: : ' ’, Turn to page:
V= WD ‘ 15¢C
_ ¥ | | -
v D 17A

(From page 12B) :
18D

Wrong. Remember, we said that the mass of a given body is constant;
it does not vary. By squeezing the rubber ball, all we have done is
change its volume. Now return to page 12B and select the correct
answer, v

19/




(Frbm pége 154) '
19A '

Draw a magic circle ... : Now look at the W and the D.
Are they side by side as you indicated in your formula? As you have
noticed by now, the W is OVER the D with a line between them. The
problem asked for the formula for finding volume. As you take the
letters from the magic circle, they will fall right into their proper
places and look like this: : s

<v.'ﬂ Ty i ! Vo
D

Turn to page 17A and continue the program.

(From page 14A)
198 -

Your answer, no, is incorrect. Remember, universal attraction means
that all matter attracts all other matter.  Therefore, we are bound to
the earth's surface by a certain force because of the attraction between
our bodies and the earth's surface.

Now return to page 14A and select the correct answer.

(From page 22B)"
- 19¢

Match the terms with the statements.

.

1. Weight J A. All ﬁatter'attracts all other matter
2. Volume B. The weight 6£ a unit volume of matter
3. Mass | C.’Matterilacks the ability to either starﬁ.or

. . stop itself,
4. Universal '

attraction D. All matter ié granular (space between parti-
cles), _— . T .
3. Demsity E. The measure of the amount of space which
6. Inertia : yatter ocgupies L A ‘
F. The measure of the quantity of matter in a
7. Porosity body. It is constant. :
G. The measure of the attractive force of the
8. Impenmetrability earth for a body
H. No two objects can occupy the same place at
the same time. . :
B
CONTINUE ON PAGE 16B
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(From page 18B)

20A :
Draw the magic circle for weight, density,and volume, and write the for-
mulas for finding weight, density,and volume. ?
Magic Circle here: . v Formulas here:

Turn to page 5, frame 11

(From page 134)
208 - .

Very good. Mercury is denser than water. Remember, we said that density,
is the weight of a unit volume of matter. The density of water (fresh)
is 62.5 pounds per cubic foot, whereas the density of mercury is
approximately 850 pounds' per cubic foot. ‘

The next general property of matter we will cover is inertia. According
 to Newton's law of inertia, a body continues in its state of rest, or
uniform motion, unless an unbalanced force acts on it. In;other words,
"matter lacks the ability to either start or stop itself. -Some examples

of inertia are-~ the inability to stop a spéeding car when the brakes
fail and the inability of an aircraft to make .a carrier landing without
arresting gear. In the sketch shown below, the inertia of the coin

" (inability to start itself) allows us to flick the card from under it,
‘and ‘the- coin drops directly into#the glass.

2.

Would inertia ever be a factor on your body if you were.a passe er rid-
ing in an automobile? Yes/No ({g

g
Give an example,

Turn to page 214




matter is granular, that is, it has>s

(From page 20B)
L21A

Yes, it would. An examplé might be as foflowa: if you were a passenger
riding in a car traveling at 60 miles per hour and the car stopped
suddenly, what would be the action of your body if you were not wearing
seat belts? According to thé law of inertia, a body in motion cbﬁtinues
in motion unless acted upon by an outside force. Therefore, your body .
would be thrown forward ahd Tough the windshie}d. If the ear acceler-
ated suddenly; the acti ézzzf:;:: bédy would be being thrown against the
back of the seat. Thesé are both examples of inertia. .

Porosity is the next general prgperty of matter we will cover. All

pace or pores between the particles.

The amount of space between the particles depends upon the structure of

the material. In the sketch shown beléw, notice that ﬁhep a pint of
water and a pint of alcohol are mixed,they do not equal a quart of the

mixture.

ALCOHOL MIXTURE

This would suggest that the alcohol partially fills the spaces between

the particles of water.

CONTINUE ON PAGE 22A
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(From page 21A) . :
224 »

To“illustrate the point more clearly, look at the illustration below.

¢

COARSE _ '
° GRAVEL \  AND SAND

\

COARSE GRAVEL

s . ’
1f werhad two similar containers, one filled with gravel and one filled
with sand, and if both of these containers were emptied into a larger
one, the container with the sand and gravel mixture would not be com=
pletely full,because the sand would .fill the spaces between the gravel.

Could water seep through the cement foundation of a house? Yes/No
Why?
: B
rd -~

» Continue on page 17C

(From page 17C) -
228
o
Impenetrability of matter is shown in the illustration because the water
level rises. The object being lowered into the water takes some of the
water's space,which indicates that no two objects can occupy thé same
place at the same time,.

Continue on page 19C

22 : '
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SELF-TEST
MATTER

1. Write the definition of matter.

aQ

o

2. List the three statés of matter.

3. Identify the state of matter by wPiting a G for gas, S for solid,
and L for liquid in the spaces provided between each set of diagrams,
showing the transfer of states of matter from container number 1 to
container nu%fer 2. The lined area represents theé space occupied by

.2

matter. :
CONTAINER NO. | . ‘ CONTAINER NO.2
P a' ‘ - . B .
. i T Ejaj
e umr | —
° - ’ @ | | | |
« : : )
d, @ _— | Q
f . \ | > ¢ |
| “ . d , A
: A )
) -
L. m R -~ ?
23 : -
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N e -t . ‘ .
4. Match’ the terms ~ volume, mass, universal attraction, weight, density,
inertia, porosity, and impenetrability with the list of statements

- describing these terms.
1. Weight A. A’ll matter attracts all other matter.
_ 2. Volume B. The weight of a unit volume of matrter.
3. Mass C. Matter lacks tbe abiljity to either
start or stop itself.
4. Universal D. All matter is granular (space betweern

attraction particles).

. Density E. The measure of the anount of spacg .

which matter occupie§.

F. The measure of the quantity 4f matter

in a body. It is constan

5

, 6. Inertia
7.-Porosity
8

. Impenetrability

G. The measure of the attractive force of
the earth for a body.

H. No two objects can occupy the same
place at the same time. :
s
” 5.  Draw the 'Magic Circle" for weight, volume, and density, and write
the correct formula for finding each of them. '

Weight ==--~ ‘ Draw the magic circleyhere

Volume =---- E » A

Dgnjﬂty -——-
. ‘ s

6. Identify each of the following phrases or statements as an-element,

compound, molecule, or atom. Place the corrett name in the space

provided below the statement. ]
a. Matter that contains several different elements.

w

s e,

e,

b. The smallest particle of an element that can combine with
other particles to form molecules. . .

8

c. Water, trees, dirt, and snow are all examples af

"

‘/
ERIC |

s : !




O

e

PAruitext provided by enic JIESS
-

- v

-9

Gold, hydrogen, and mercury cannot be reduced to a simpler sub-.
stance by chemical means;7‘THE§ are known as

v
.

.

e. A substance that is broken down to the smallest particle possible
and still retains all the properties of that substance is a/an

B

SN .

o .

f. Each particle that combines with other particles to form a mole-

cule is called a/an
o

" 8. Matter that- cannot be reduced to a simpler substance by chemical

means ‘is known as a/an. , -

25
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1is not designed

]

PURPOSE OF STUDY GUIDES, WO KS, PROGRAMMED TEXTS AND HANDOUTS
o # . L

Study Guides‘, Workbooks ,/ Programmed Texts and Handouts are training

publications authorized by‘Ait/'rraining Command (ATC) for student uge in
ATC coursges. : :

The STUDY GUIDE (SG) fresents the information you need to complete

the unit of instruction, or/makes assigmments for you to read in other
Publications which contain/the required information.

_ The WORKBOOK (WB) /contains work procedures ,,cvlesigned- to help you
achieve the learning obj'ectivu of the unit of instruction. Knowledge
acquired froo' using the study guide will help you perform the missions

or exercises, solve tlie problems, or answer questions presented in the
workbook. . / ' ‘ ) " %

The STUDY GUIDE AND ‘WORKBOOK' (SW) :contains both 5G at"id WB material

under one cover. /The two training publications are combined when the WB

Lor you to write in, or when both SG and ‘WB are issued
for ‘you to keep,

The PROGRAMMED TEXT (PT) presents information in planned steps wit
provisions for you to actively respond to each step. You are given
immediate knowledge of the correctness of each response. PTs may either
replace or sugmert SGs and WBs. ' _ '

* . , : _ ..
The HANDOUT (HO) contains supplementary training materials in the

form ©0f flow charts, block diagrams; printouts, case problems, tables,
forms, charts, and similar materials. : . :

Training publications are designed for ATC course l;le onl);. They
re updated as necessary for training purposes, but are NOT to be used

/on the job as authoritative references in preference to Regulations,

/
/

Manuais, or other official publications.
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ASSIGNMENT SHEET

2
This assignment sheet should be used when:
@ You are to complete only a part of this text.
® Your assignment within this text is divided into two

or more
reading periods. : '

Your instructor will make assggnments by identifying specific objectives,
text material, and review questions.

ASSIGNMENTS
OBJECTI VES TEXT MATERIAL . REVIEW NDUESTIONS
(by No) (by page and/or frame) (by No)
@
i




10.

11,

12.
13.
14,
15.
16.

17,

OBJECTIVES

Write the definition of matter.
Define a molecule.

State the composition of a molecule.

s
Jdefine an atom.
List the three parts of an atom and state which parts form the
nucleus.
Write the name of the particle that has a positive (+) electrical
charge and forms part of the nucleus of an atom. P

write the name of the particle that has no electrical charge (N) N

and forms part of the nucleus of an atom.

Write tne name of the particle found in an atom that has a negative
(-) electrical’ charge.

Define a neutral atom.
Define a positivély charged atom.
Given sketches.of atoms, select the atom(s) having a positive charge.
Briefly define a negatively charged atom.

_ CTT ,
Given sketches of atoms, select the atom(s) having a negative charge.
State briefly how the atomic numBer of an atom is determined.
Given sketches of atoms, determine the atomic number of each.
State briefly how the atomic weight (mass) of an atom is determined.
Civen sketches of atoms, determine the atomic weight (mass) of each.
Define static electricity.
Explain briefly in writing how static electricity is produced. ~
List at least one (1) example of how static electricity is produced.

Write the law of charges that afply to static electricity.

v

245
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List at least two (2) hazards of static electlrxcty that apply
to aviation,

List at least three (3) devices used in aviation to reduce the
hazards of static electricity.

SUGGESTED READING TIME 106 MINUTES
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INTRODUCTION

Are you aware that sound, heat, light, electricity,and radio
really different from water, air, wood, glass, metals,and stone?
heat, light, etc., are forms of energy, whereas water, air, wood,
composed of matter. When reduced to 1its simplest terms, our whole

’ physical universe is made up of just two things, energy and matter.

During this lesson on Atomic Structure and Static Electricity;we shall

explore a little of both these subjects.




Page 1 20 ' ]

Anything that occupies space and has weight is

referred to as matter.

Y
The pencil you are writing with and the paper you

are writing‘on are classified as : . .

Matter, besides being in solid form such as your

pencil, may also be in.either liquid or gas form.

Therefore, the air you breathe and the water you

drink are also classified as P .

,‘/l
Matter, therefore, may be found in {Pree forms, which

matter 3.
are y , and
solids, L4, The chair you are sitting on is an example of
liquids, ' _
gases matter.imr the solid form. g "
The ocean is an example of matter in th;
form.
liquid 5. Therefore, anything around us is an example of
matter in one form or another,because it all
occupies space and has;yeight. Consequently, we
say that matter is anything that occupies f
and has .
space; " 6. The definition of matter is:
weight

CONTINUE ON NEXT PAGE




_ Page 2

Anything that 7.
occupies space
and has weight.

If we could take some matter, any matter, and break
it down to the smallest particle we possibly could,
and when we had this very small particle it was

still the same substance that we started with, we

particle of any
matter that
still contains
all the
properties of
that matter.

' / would then have a molecule. Therefore, the very
smallest bit of glass that can still be identified
as glass is a glass .
molecule 8. The smallest particle of any matter tha£ still
contains all the properties of théc matter is a
molecule. |
The smallest bit of water that can be identified as
water, is a water .
)
molecule 9. Define a molecule:
£
The smallest 10. Molecules aré compoggd of smaller parti&les linked

\\

together. These smaller particles are known as
gﬁggg.' For example, we already know that the
smallest bit of water that contains all the
properties of water is a molecule. But if we were
to break down.this molecule of water (HQO),we would
no lohger have water, but instead we would have two
atoms of hydrogen (He) and one atom of oxygen (0).

Therefore, molecules are two or more

linked together. *

CONTINUE ON NEXT PAGE
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Page 3

atoms 11. If two or more atoms linked together form a
- molecule, then we could say that a molecule is

composed of two or more , linked
together.

atoms 12. Molecules,therefore, are composed of two or more
atoms _ together.

linked 13. Molecules are composed of:

Two or more 14, All matter can be clasgified as either an element

atoms linked
together.

or a compound.

As you have learned previously; an element is matter
that cannot be broken down to any simpler sube
stance. Some example% ofbélements are: led, iron,
hydrogen, oxygen. - . ¢
Compounds such as salt, sugar, paper, water are
substances fbrmed by a combination of elemgnts.

(NO RESPONSE REQUIRED)

15.

We said that water, which is a‘compound, is com-
posed of hydrogen and oxygen. Hydrogen and oxygen
are the elements thch have combined to meke the
compound of water (Héé). éugar, which is a com-
pound, is éompo§ed of E?e elements of carbon,‘

hydrogen, and oxygen. In this case, carbon,

hydrogen,and oxygen éfe the which

combine to form the of sugar.

CONTINUE ON NEXT PAGE
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16.

If we were to take any of these elements, of which
there are presently over 100 known, and tried to
break them down chemically, it would meet with
failure. As an example, no matter what is done to

the element of carbon, you get nothing but carbon
from it. The reason that carbon cannot be chemi-.

. cally reduced to a simpler substance is that

carbon is an .

L

2lement

The smallest particle of any of‘j§7§e elements 1is
known as an atom. :
An atom is the smallest particle of an elehqu}that
can combine with other atoms'to form molecules.
One"molecule of water (HQO),then,would be composed
of’three C .. » Ywo hydrogen and one oxygen.

An atom is defined as:

The smallest
particle of an
element that

can combine with
other atoms to
form molecules.

| I ,

'All atoms are composed of & number of parts. The

core or centermost part is kndwn as the nucleus.
The nucleus of an gtoﬁ may be compared to the sun
in our solar system around which planets revolve.
The nucleus. also accounts for almost all the weight

‘(mass)*Pf an atom. In the sketch below, notice the

resemblance of an atom to our solar system.

SOLAR ATOMIC
UCTURE
SYSTEM STR s

'gUN  NUCLEUS

The core or innermost part of an atom is

CONTINUE ON NEXT PAGE
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nucleus

O

20. The nucleus of an atom contains two of the

main parts of the atom. These two parts are the

proton and the néutron.

The two particles found in the nucleus of an atom

are the and the .
proton 2l. The third part of the atom is the electron. The .
neutron " electron revolves or orbits around the nucleus, as
shown in the sketch below.
)
ELECTRONS A
The part of the atom whigh orbits around the
nucleus is the .
4 electron 224 The parts of the atom that form the nucleus are the
and S and the
part which revolves around the nucleus is the
L . 9
proton 23. List the three parts of an atom.
neutron 1.
electron 2. /ﬂ
3.

The nucleus is composed of the

and

CONTINUE ON NEXT PAGE
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-PageA6 2
1. Proton 2k. The proton, which is one of the particles found \‘
‘2. Neutron /ﬁf// in the nucleus, makes up parﬁ of the weight or
3. Electron mass of an atom. ‘ -
proton The prdton, which makes ugp pért of the weight or
neutron » mass of an atom, is found in the .
nucleus . 25. The number of protons founa in the nucleus usually
ﬁ\vﬁ§ - depends on the type of material in question. As an
example, gold has 79 protons in the nucleus, whereas
carbon has only 6. As you Gaﬁ see by tbese-fisures;_
7 ™ the weight of an element is partl&'determined by the
' protons, gold being heavier than carbon. ‘
One of the particles found in the nucleus of&an
atom that makes up part of the weight or mass is
the .
b
proton 26. ‘7The proton has a positive electrical charge-

e

the symbol used for the proton is (+).
Below is’ an example of how the symbol for the

proton is used when sketching'an atom.

b

The proton is the particle found within the nucleus

of an atom that has a electrical

charge and the symbol is

CONTINUE ON NEXT PAGE
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Page 7
- ;
poéftive 27. The particle found within the nucleus of.an atom, E
that has a positive ‘(+) electrical charge is the. %
proton 28. The neutron is the other particle found in the
nucleus of an atom. The neutron, along with the ;
e proton, forms almost all the weightpor mass of an- !
atom. Almost all the weigﬁt 6f an atom is found
A in_the . » which is made up .of
# > protons . and .. e
nucleus 29. The neutron is elecdtrically neutral. It bds
neutrons neither a positive Zdor a negative electrical 5
charge and therf ol for the neutron is. N, ?
Shown below is example of how the symbol for ;
A~ the :gﬁtrons would be used when. sketching an atom. |

The neutrdn is the particle found within the

.’

nucleus of an atom that is electrically

and the symbol is .

CONTINUE ON NEXT PAGE




Page 8 ' ‘ . A
neutral "] 30. The name of the particle that has. no electrical
> ‘ f; i
N charge (N) and is found in the nucleus of an atom B
= is the . . /
neutron 31. The third part of an atom is the electron.

- Electrons are the particles that are in orbit

around the nucleus. The following sketch shbws how
the electrons might look in relation to the re;t of

the atom:

N
7

G @

The part of the atom that orbits or revolves

around the nucleus is”the .

electron 32. Earlier we said that almost all the weight of an atom)
was found in the nucleus. The weight of an electron,
in relation to the rest of.the atém, is insignifi-
cant. In reality, an electron weighs about 1/1845
as much as a proEon. )

The weight of an , is insignifie-

cant in relation to the overall weight of an atom.

9

' g — : ——
o R I

CONTINUE ON NEXT PAGE
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electron 33. Electrons héve 8 negative eleétriéél charges N | ;

: | the symbol for the electrog is (=). . Shown below is o
an example of how the symbol for the electron would
be used when sketching an atom.

ELECTRONS

-

P - ‘ _ ' The electron is the part of an atom that orbits or
' revolves around. the nucleus. It has a

[ , P ;
electrical charge; the symbol being T T

' negative 34, The name of the part of an atom that has a negative
(=) electrical charge is the - .

electron 35. Up to this point, we have been talking about the

' individual paerts of an atom. Now let's combine all
these parts and see how an atom really looks. In
the sketch“of an atom shown below, note the '
location of the various parts.

Remember that the proton (+) and the neutron (N)
form the nucleus of an atom and the electrons (=)
are in orbit or revolving around the nucleus. In

. the space provided, draw a picture of an atom having
five (5) protons, four (L) neutrons, and five (5)
electrons. - : Q

CONTINUE ON NEXT PAGE
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36.

The orbits that the electrons make around the
nucleus are referred to as shelis . There may be
'any number of these shells, up to seven (7), each
shell having a numb'er of electrons orbiting in it.

Below is an exampie. The atom shown is one of
rfitrogen. Notice this atom-has two (2) shells,-

the outer one baving five (5) electrons and-the’

inner one having two (2) electrons.

The paths in which the electrons orbit are referred

As we already know,an atom may have a number of
shells with a number of electrons orbiting in each
shell, but under normal conditions ,the number of
electrons found in an atom will be the same as the
number of prbtons. Il} other words, normally there
is one electron for each proton. In the skgtch )

shown 'below, assuming conditions are normal, there
should be how many electrons in orbit? (Circle
correct dnswer.) P

"~

<

a. 8§

—
CONTINUE ON NEXT PAGE -
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38.

Even though,under normal conditions, there should be

one electron for each proton, this does not have any

-

influence on the number of neutrons in the nucleus.

o

"In some‘atoms,there may be the same number of

ﬁeutrons as there are protons, while in other atoms,
there Aay be more neutrons than protons. Some
examples of this are: Nitrogen 7 protons (+) and 74
neutrons (N)‘ andagold 79 protons (+§§énd 118 |
neutrons (N). ‘ )

Even though there may be more or less neutrons than

there are protons in an atom, under normal con-

ditions there should be one

for each " .

electron

proton

Since the proton (+) is a positively charged

l-particle and the electron (-) is a negatively

P .

charged particle, the atom under normal conditions
should be electrically neutral. Atoms,theﬁ, under

normal conditions,are said to be electrically

A

neutral

| k0.

The reason that under normal corditions atoms are
said to be electrically neutral is that there are
the same number of protons as electrons and the

positive électfical charges of the protons balance
out the negative electrical charges of the electrons.
Therefore,a neutral atom is one that has the same

number of as .

P

CONTINUE ON NEXT PAGE
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protons 41. A neutral atom is one that

electrons : ) .

has the same L2. Now that we know what a neutral atom is, Iet's talk

number of
protons as about a positively charged atom. A positively

electrons.
charged atom 1s one having a deficiency (fewer) of

electrons. If an atom has fewer electrons than

protons,it would be N . charged.

pos{pively 43. Atoms having a positive charge are the result of an
| | atom losing one or more of the orbiting electrons.
In some atoms, the electrons that are in the shell
farthest from the nucleus are very loosely boﬁnd to
the nucleus and,therefore, are comparatively free
to move from atom to atom. The electrons that move
° 7 from apom to atom are called free electrons. Elec-

trons_that move comparatively easily from atom to atom

&
are .

2Re D171

free electrons L4, Because : these free electréns.arg able
to move from atom to atom, we find then that it 1is
possible to have an'atom that is deficient in elec- ‘
trons. In other words,if we had a neut;al atom, and
it lost one or more of its electronsy then the atom
would be deficient in elécé;g;é, or it would have
fewer electrons than protons. |
P

An s}om having a deficieﬂcy of electrons 1is one thaf

) bas ‘ _ eleS&fons than protons.

1

26z ’




i Page 13
fewer : LS. Now we already know that protons have a positive

electrical charge and electrons have a negative
electrical charge. If we had a nedtral atom (one
having therame number of protons as eléctrons) and
it lost one or more of its orbiting electrons, then
the result would be an atom havingva deficiency of
electrons, or fewer electrons than protons, which
in turn would result in a positively charged atom.
Therefore, a positively charged atom is one having

a deficiency of" .

electrons L6. Write the definition of a positively charged atom.

An atom having L7. Keep in mind, now, that a positively charged atom is

a deficiency of one having a deficiency of electrgns. Shown below
electrons. is a sketch of what a positively charged atom might
¢ look like. :

Notice there are six (6) protons in the nucleus, but
only five (5) electrons in orbit. This, then, is a
rositively charged atom, because it has a deficiency
, of electrons. In the space provided below, draw and
label a positively charged atom.




L8. From the sketches shown below, s€lect the atom(s)

having a positive electrical charge.

EQUIVALENT

A&C 49. Up tc this point,we have been talking about neutral
atoms and positively charged atoms; now let's find
out what a negatively charged atom is. A negatively

{
charged atom is one having an excess of electrons

(more electrons than protons). If an atom d more
electrons than protons,it would be

charged.

hael B

negatively 50. Earljer we talked about free electrons moving from’
atom to atom. Well, if one or more free electrons
moved to an atom that was neutral, in other words,
one havipg the same number of prltons as electrons,
the result would be an’atom having an excesi/bf ~

electrons, or more electrons than protth:/'If a

free electron moved to an'already neutral atom, the

result would be‘an atom with an of

electrons.

7

CONTINUE ON NEXT PAGE
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ey

excess

~

51.

Therefore, if an atom has an excess of electrons
(electrons being negatively charged), the result
would be an atom having more negatively charged

electronb than positively charged protons, and in
turn the entire atom would have a negative charge:

If an atom has more electrons than protons, it is’

an excess of
electrons.

K& said to be | charged.
negatively 52. Define a negatively charged atom. .
L Y
An atom.having 53. Remember,now, that a negatively charged atom is one

having- an excess of electrons. Shown below is a

sketch of what a negatively charged atom might look
like,

Notice there are five (5) protoné in the nucleus,

but there are six (6) electrons in orbit. This, then,

is a negatively charged atom because there is an
excess of electrons.

In the space provided, draw and label a negatively
charged atom. '

3 CONTINUE ON L. ™ PAGE




From the sketches shown below, select the atom(s)

having a negative electrical charge.

(83

4

B c

220

All elements are listed under what is called the
"Périodic Table of Elements". This is an orderly
arrangement of all the elements in ascending atomic
number. This is what we are going to talk about
now. The atomic “number of an akom is determined by
tq§’number of protons found in the nucleus. Know-
ing the number of protons in the nucleus of an atom

will give us the atomic- .

-
B&C 55.
) e ]
s
number 56.
3
k-2
= —

Each element has an atomic number, which we said can
be determined by the number of protons in the®
nucleus. In the carbon étom,for example, there are

six (6) protons. Therefore, the atomic number of

.carbon is six (6). &

8

To determine the atomic number of an element,we can

court the number of in the

nucleus.

CONTINUE ON NEXT PAGE
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protons

57. Gtate briefly how the atomic number of an atom is
determined.

- By counting 58. Knowing the number of protons in the nucleus, then,
umber of :

;rglios in\the will give us the atamic numker of an acom. The
nucleus. atomic auber of the atom shown below would be:
(Circle correct answer.)

a. 8
b. 12
. -
c. 24
d. 2
b. 12

59. Determine the atomic number of each of the atoms
shown below. ’
LN

A B

Atomic Number

Atomic Number

CONTINUN 0N NEXT PAGE
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r

B. 13

€0. Along with the fact that the elements are listed by

their atomic number, they are also listed in the
"Periodic Table of the Elements" by their atomic

weight or mass. To determine the atomic weight

(ﬁass) of an element,all that is necessary is to
count the total number of perticles (protons and
neutrons) found in the nucleus. .
Counting the ;otal number of particles (protong‘and

neutrons) found in the nucleus of an atom will

determine the atomic ' .

weight (mass) 61. For example: The copper atom has 29 protons’and
35 neutrons contained within the nucleus. To
determine the gtomib weight of éopper,we simply add
. the number of prétons to the number of neutrons to
obtain the total number of particles in the nucleus.}
. The atomic weight (mass) of copper, then,would be 6k.
To determine the atomic weight (mass) of an element;
we must count the tot;l number of
{ found in the nucleus.
particles 62. The atomic weight of an atom is determined by:
(protons,
neutrons )~

CONTINUE ON NEXT PAGE




Counting total
muber of
particles in
the nucleus,

63. 1If the atomic weight (mass) of an atom is

determined by finding the total number of particles
found in the nucleus, the atomic® weight of the

atom shown belc # would be:

a. 26
b. 30
c. 1k
d. 56

Page 19

1. 56

6k,

From the sketches of atoms sﬁbwn below, determing”

a

the atomic weight (mass) of each.
\

A B

Atomic Weight ' Atomic Wejight '

|

CONTINUE ON NEXT PAGE
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A, 108 ' 65. Now that we have covered the portion of the program
B. - 201 | that épplies to atomic structure, let's find out
what atomic structure has to do with electricity.
ﬁL No response required.
0 —

f

66. In the remaining portion of this program,we will be
learning abo&t the most bq;ic type of electricity,
vhich is static electricity (electricity at rest).

The next portion of this program is about

static
electricity

67. The occurrence of static electricity or electrifi-

cation can be observed in a number of ways. Y07

sometimes experience an annoying shock when you

touch the door handle of an automobile after sliding ]

over plastic seat covers. You may feel a shock

after walking across a wool cérpet énd touching a

metél door knob or othef metal object.‘ The slight

. éracklzﬁg sound that is heard when dry'hair iél

h brushed and a tendency of sheets of paper to resist

. separation*:re other examples of the occurrence of
eiectricity. Static eleetricity or electrification
is the process of producing an electfic charge on an.

object. The object is said to be charged with

electritity. Because this charge is confined to the
object, it is Sa¥@~to be an electrostatic charge.

Thus, stadic electricity is electricity at rest. Nc

response

CONTINUE ON NEXT PAGE




Page 21 2.

68. The word "static" means not moving or at rest.

Therefore, static electricity means electricity at

. »
l=4
rest 69. Electricity that does not move is known as
static T70. Static electricity is
electricity
electricity Tl. Static electricity is produced by friction. The
- at rest.
: N friction of one object passing across another object
_ will produce ' . .
- . \ :
static T72. Rubbing glass rod écross a piece’of silk will
electricity '
cause friction between the glass and the silk.
’ ‘ This will prqguce -
. static T73. To produce static electricity;yod'have to have
- o electricity : “
between two or more objects.
_
- ] friction 7h. How is static electricity produced? ,
, VA
ﬂBy friction 75. We have already learned that friction Qetween glass

between two
¢~ more objects. and silk would produce static electricity. Also,

1

the air passiné over the skin of ap dircraft will

produce

- CONTINUE ON NEXT PAGE
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| static 76. List one example of how static electricity is
electricity produced.
Rubbing glass 77. Statie electricity, even though it is at rest, will+} " !
across silk. have some kind of a charge. This charge will either
Air passing
over an air- -be positive or negative, depending on the amount of
raft or :
:qpivalent. electrons. The charge will depend on the amount of ]
4 )
electrons 78. If our object is positively charged,it wi;l have a

deficiency of electrons. Which of the two objeécts
below is positively charged?

SILK ~
“ ~GLASS ROD |

glass rod ] 79. If two objects are positively charggd,they will
|
|

repel or push each other away. This is the first
- .
law of charges. Like charges will .
repel 80. The first law of charges is:

$

CONTINUE ON NEXT PAGE -
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~

Like charges 8l. The second type of charge is the negative charge. ]
repel ' o : .
h An object is said to have a‘negative charge if there i
is an excess of electrons. If an object has an i
“ excess of electrons, it is charged. E
negatively 82. Which »f the two objects below has a nege.tivé
charge? A
i . 4 SILK
‘ - GLASS ROD
| v ,
f’rhe silk 83. . The second law of charges is: Unlike charges
* attract. If sou had two objects,’ one negatively
* . charged a.nd the other positively charged, what would
' happen? .
They would | 84. The recond law of charges is: \
attract each _ v e » ‘
other. i

‘ CO%TINUE ON NEXT PAGE
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P n "
Unlike charges 85. Usually,these 4wo laws are written as one. This
attract. o . .. _
, is: Like charges repel, unlike charges attract.
. Write the law of charges that apply to static -
electricity.
A
Like chardes 86. We already know that if two objects are charged, one
repel, unlike ' .
<¢harges attract. - positive and the other negative, these objects will ;
attract each other. When these two objects are
brought fogether,the charges wfﬁ%’try‘to equalize
~ ;
out. When this happens,there wil% be a small spark
.between the two objects. This spérk is the hazard
: : Y
Of ) . * . . 3
| static 87. Static electricify,.although of no practical value
electricity ‘ :
in aviation,.is alvays present as a-hazard. Static
electricity around aircraft is alvays a ' .
hazard 188. The small spark that is the hazard of static elec-
tricity cbuld,and‘sometimes does, cause fires. The
$ greatést hazard of static electricity around air-
craft is .
fire 89. Fire,of course,is the greatest hazard of static
electricity. Static electricity will also cause
radio interference and it could also shock you.
The three'hazards of static electricity are:
) ] sand

CONTINUE ON NEXT PAGE
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. LDapgg 23
fire; shock, . 90. Now fhat we know what the hazards of stétiC»elec;
and radio e

interference. tricity are, and we also know thet static elec=

. g
tricitj is of ndfpractical value to us, we must now

7

learn hov to guard against static electricity. No

o

response required,

91.

There are several’devices used.to réduce the hazards

of ‘static eledtricity. The first is the grounding

. wire. The first device we are going to learn about

is the
R A

»
grounding wire 92.

-

A grounding wire is a. conductor used to connect an
‘object to the earth to ellminate static charges.

The chain hanging off the baek of & gasoline truck

o 1s an example of a ' . ‘.
i3 - “

o ‘ grouﬁding wire ] 93. A grounding wire is used to connect airplanes and

s : . fuel trucks to the earth during refueling. In the
drawing in this frame,there are four (4) grounding
. T .

: : wirks being used. Which of the labeled lines

. ‘represent grounding wires?
3 . .

o o . .
: . . . ) -
S ) N
. - . . kY Yy ) N W‘J
‘ . s 4 N . o L R
- ’ s R .t . : . .
= 3 v,
— "
.

rRic 275 - LT
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- rage 2o
A, B,C, &D 9L.l List the device used to connect an object to the
earth. .
, o N . .
'} grounding wire 95. The next device used ta connett an aircraft to the R
| ) ’ ground is the static conducfor tire. The device, +
) | that grounds the aircraft during landings is the ~
- ’
static conductor{ 96. The static conductor tire is a tire with powdered
e ' carbon mikéd'inv;ith the rubber. The éérbon is what
\ ' groﬁnds the aifplane. A tire with carbof in it is
) called a. . | ¢
s?ﬁtic conductor‘ 97. List thevtwo deviées used to reduce the hazards of
e static electricity thaf we have covered so far.
- and
1 g . . — ; . -
i . Grounding wire 98. The next device is the bonding wife;v A bonding wire
- Static conductér is a conductor that is used to connect parts of a
e plane that are normally insulated from each other. &
f To connect a part to an gircraft so no buildup éf
Vs
} (° 'charges would occur, a
} would be used,
bonding wire 95;“ Usually,radios are installed’in aircraft on rubber
- IR gﬁﬂ? " mounts. . The rubber mount- insulates the radio from
q . _' . +  the aircraft. Th;s is one case vhere a

-

‘ \\\# | - ' would be used.

CONIINUE ON NEXT PACE 205
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'bonding vire

100. List the devices used to connect parts of a plane

that are insulated from each other.

. -~
- .

bonding wire

101. The last device is the static discharger. The

static discharger 1s a rubber-covered cotton wick

impregnated with graphite. A cotton wick that is

>. impregnated with graphite and dovered with rubber
is a v .
static 102. The static discharger is attached to the trailing
discharger '
edge of wings, rudders, and elevators. There are
as manﬁ as necessary installed on an aircraft. The
device installed on the traillng edge of an aircraft
wing is a . _\.
static 163. The static discharger has a sharp point on the end
‘discharger : _ ‘ '
and this gives the excess electrdqs a path to flow
off the aircraft. To rermit a réﬁid discharge of
electrons,the
has a sharp point on the end.' :
static 104. The main purpose of a static discharger is to elimi-
discharger :

nate the static charge that is built up during
flight. To eliminate the charge on an aircraft

during flight,a

is used.

~ . CONTINUE N NEXT PAGE
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- "~ . . .
%;tic . 105. List the device used to eliminate static charges on
discharger ! ¢
S il an aircraft during flight. '
- ' . ' ! o
static Now, let's réviev all we have covered on atomlc
discharger ' .
‘ structure, and static electricity. .
. @
' 106. Anything that occupies space and has weight is
referred to as .
! v b i =
| matter : 107. Matter may be found in three (3) forms and these
are s , and s E
solids, - |108. Matter, then,is anything that : space ”‘<z=ig\x .
liquids, ‘ , , ‘
, gases . and has : .
N , occupies 909. ‘The smallest particle of any matter that still
‘weight contains all the properties'of that matter is a .
molecule 110. The smallest bit of water that can be identified as
wvater 1is a water * .
) . ] 7
(VﬂN}olecule ) L111. Therefore, a molecule is the
‘particle of any matter tn@} still contains all the
of that matter.
smallest - 11", Molee-ules are.composed ,of smaller parti@JES linked
. properties ) - togethe-. These smaller particles are known as
’ * .

2
Q
S
4
':_‘J
a
53l
O
-t

“+
&=
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atoms 113. Two or more atoms linked together will compose a
4 .
. !
molecule 11k, Molecules,there%fre,are composed of two or mare
atoms together.
linked 115. The smadlest particle of any element is known as an
‘ L ]
atom 116. Therefore,an atom is the smallest particle of an
element that can combine with other atoms to form
molecules 117. An atom is composed of three (3) parts, vhich are the
) 9 ,a.nd .
proton , . 118. The two particles found in the nucleus of an atom
neutron ‘
electron are the . and the .
proton 119. The name of the particle found .in the nucleus of an '
<&
‘19 . o
neutron gtom that has a positive electrical charge is the
* \ .
proton 120, The proton has a positive electrical charge - and is
found in the of an atom.
- =¥
nucleus’

121. The name of the particle found in the nucleus of an

atom that is electrically neutral is the

] 3 .
— , . B

CONTINUE ON NEXT PAGE
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neutron 122, The neutron has no electrical charge and it is
- / R .
found in the e, . of an atom.
K e
hY
s )
- ~J nucleus 123,  The®name of the particle that has a negative elec-
’ trical charge is in orbit around the nucleus
of an atom is Ahe .
~
electron 124k, The electron has a negative electrical charge and i
. I\/// jf{ggndvin daround the nucleus of an atom.
orbit 125. An atom having the same number of protons as elec-
. 2
trons is said to be a atom.
V4 - 3
neutral [126. A neutral atom is one having the same number of
. ! as
protons 127. An atom having a deficiency of electrons is said to
electrons be a - charged atom.
positively 128. A positively charged atom is dite having
electrons than protons. ;
Z : ) o
fewer or less 129. An atom having an excess of glectrons is said to be
4 a ‘ ] charged atom.
. a ¢ . '
negaiively _ 130. A negatively charged atom is one having
) electrons than protons. .
T - T P °\ :
more i 131. If we counted the number of protons in the rucleus
? ; of an atom,this would give us the atomic
I - . .
[

CONTINUE ON NEXT PAGE
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 number 132, Therefore, the atomic number of an atom can be
0
determined by counting the number of
in the nucleus.
. - 2
protons 133. By counting the total number of particles found in
. .
the nucleus of an atom, this would give us the - i
Xato!ﬂic ) L] i
. &
[“7 -
| weight 134, Therefore, the atomic weight of an atom is
s . .
. ‘ determined by coﬁﬁting : - - o

br
lfoqnd in the nucleus.

Q@
all or total

135. Statiffelectricity is electricity at .
number of ) ' :
particles -
rest 136. Static electricity is prdduced by o .

. _ 75 — —
friction 137.. List one example of how static électrigity is
produced. -
— - A . Ved &

Rubbing a glass
rod with silk or
equivalent.

N

138. Write the law of charges that apply to static

..electricity.

e

R

Like cha}ges
repel, unlike.

charges attrat..

-

139. List the hazards of static electricity arcund air-

craft. ) . . i =

Y

-
I

" CONTINUE ON NEXT PAGE
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Fire, shock,
and radio
-interference.

RS
140, ~&ist the devices used to reduce the hazards of

LY

static electricity around-aircraft.

bonding wire,
static dis-
charger, static
conductor tire
(any order)

-

Grounding wire,

1k,

This is the end of your lesson on Atomic Structure

and Static ElectricityR\,If there -s anything you

did not understand, refer back to the page or pages

covering that. subject. Finaliy’return to the

.

objectives on pages ii and iii, anq i?'you 1:hir1k["0

you can do what they require of you, then you are

ready for the Self=Test.
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ATOMIC STRUCTURE
AND
STATIC ELECTRICITY
SELF-TEST

Write the definition of matter.

A molecule is defined as:

State the composition of a molecule.

.

Lrite the definition of an atom.

o

The three parts of an atom are: -
1.

2.

3.

The nucleus is composed of¢which parts?

-

4

[Y

The name of the particle that forms part of the nucleus of an atom
and has a positive electrical charge (+) is the

*\ HER - -

Write the name of the particle that forms pert of the nucleus of an
atom and has no electricel charge (N).

9,' $ .

The name of the partidle~fqdﬁd in an atom fhat has a negative
electrical charge (-) is ' 7

o

ot

Briefly define a neutral atom. .
fy L

) CONTINUE ON NEXT PAGE
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B11. F.om the sketches of atoms shown below, select the atom(s) which have
a positive ele:trical charge.

Write your selection(s) here.

The derinition of a negatively charged atom is:

.

Frem the sketches of atoms shown‘beluw, select'ui:atom(s) which have

a negative electrical charge.

Write your selection(s) here.

L

o

State briefly how the atomic number of an atom is ldetermined.

"
' .
.

- | | » »




154{. From the 5ke§§ﬁii\?f atoms shown below, determinc the- atomic nurber
- of each,

‘Atomic Number . " Atomic- Number

-

 pp— - -

16. State briefly how the atomic weight (mass) of an atom is'diii;pi

.

17. From the sketches of atoms shown below, determine the atomic weight
- '‘(mass) of each. ‘ . :

2,

Atomic Weight _ Atomic Weight
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Define static electricity.
) S

Explain brief;y, in writing, ﬁow static electricity is produced.

v

List at lgast one example of how static electricity is producéd.

-
1

W . N\

=

Virite the law of charges that apply to static electricity.

-

<

°

-~

List at least two hazards of.static_electricity that apply to
aviation. ;

1ist at least three devices used in aviation to reduce the hazards
of static electricity. : -

°

¥

i
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4

' Study Gu:l.dea; Workbooks, Programmed Texts and Bandouts are training
publications authorized by Air Training Command (ATC) for student use ‘in
ATC courses. . : :

The STUDY GUIDE (SG) presents the information you need to complete
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»forlgl, charts, and similar materials. . : . '

L

Training publications are designed for ‘ATC course use oaly. They
are updated as necessary for training purposes, but are NOT to be used
on the job as nuthoritntivg references in preference te Regulations, -
Manuals or other official publications." ‘
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ASSIGNMENT SHEET
]

This assignment sheet should be used when:

@ You are to complete only a part of this text.

El

@® Your assignment within this text is divided into two or more

Your instructor will make assignments by 1dent1fymg specific objectives,

» reading periods.

T

r

text material, and review questxons.

\
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ASS IGNMENTS - ;
OBJECTIVES TEXT MATERIAL REVIEW QUESTIONS
{(by No) (by page and/or frame) {(by No)
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QWORK, POWER AND ENERGY

(Clectrical)
®
. 7
OBJECTIVES: '
a
1. State the basic formula for electrical power. -
2. State the unit of méasugggent for electrical poﬁcn.
3. State the relationship of horsepower to watts,
N ' :
4, Given Sélected values of voltage, current and/er resistance,
solve for electrical power in watts and horsepower.
S. Define efficiency.
6. Given power‘in and power out, solve for the efficiency of a
mtor.
' y '
. \ . a
FORMULAE FOR WORK, POWER, AND ENFRGY
) 4
- Y ' ,
1. Electrical power = volts x amperés
2. Elcctrical horsepower - 746 ,watts
% P=ExI
4. P= IR P 5
2
E
5. P=vyq .
6. Efficiency = 2UtDUt 4 100
input

Al ‘

mex\ SUGGESTED READING TiME 60 MINUTES /

2;
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Whenever an~éle¢tric current f‘]_.ows through a resistance, heat-is

generated.‘ Heat is a form of energy and, since energy cannot be crealed;

«

the heat mu_st be produced by a conversion of energy from the elecf;ic

energy to tge form of he.at\ energy. \ | _
The soldering iron with which youw haw‘leabeen working converts -

electrical énergy to heat energy. be1 this case,\}e h_se thé heaf energy .

to do Qork. The lights ig thi.s‘ roomgeonvert electrical enexgy to

light egex:gy. A motor converts electrical enc.7 to mechanical energy.

And a generator converts mechanical e_/ nergy to electrical energy.

’ In our study of mechanical work, power,and energy,we learned ‘that

, power is the time rate of doing work' or consuming-enere&. ' &

The formula’for solving the amcunt o‘fl pover used is:.

work |

‘Power = gy page 3A . LS
© Power = work-x time. page SB '

}—l:- | ! : ¢ . )
" YOUR ANSWER: The watt,then, is the time rate for doing electrical work.

Yes, this is true. But this answer is not thé most c%rrect

¢
answver. ) :

Return to page 3A and select the answer that tells a more complete

¥

story than this one does. , A\




YOUR ANSWER: Watt.

Quite right.. ) ‘ ,
( When we say that 746 watts equal one horsepowver, we mean that the

rical device may be expressed in equivalent

N

.power ‘consumed by an elect

horsepover.

-

For ekample: CQns;der‘%he.power_consumed by a ga;ge moto# ﬁhat
draws 125 ameies from.a 600-volt circuit. )
p=Ex1I=600x 125 = 75,000 vatts.
This may be expfesSed in equivalent horgﬁbowe; as

757000 kmtts  Z100.2 hp
746 (watts in 1 hp) 100.2 hp N

|I'3AMPS
L .

= E=12Voits

3

p ,
How much power is consumed in the circuit above?
36 watts. ) page hA

12 watts, pege 6B




AN

Right.

The unit of elecE;ical pover is.the WATT, named after James Vatt.'

-

One watt of power eqpalé'the work done in one second by one volt of

potentlal difference in moving one coulcnb of charge. Since one coulomb
i

per second is an ampere, power in watts equals the profuct of amperes
times volts. Thus: .
Power in watts = volts x amperes '

or
P=Ex1I ,
Whefe‘P isvpower in wvatts, E ;s voltage and I is the intensity of
current flow. . ) ) : . & 3
The watt then is:
the ‘time rate for doing electrical work,; ©  page 1B
. the time rate for consuming électrical enekgy. page 6aA

both the above, c vage Sh
X ,-(

YOUR ANSWER: M0 watts.

Our answer to your ansver. .How come? v
a ¢ You have already solved a similar problem, using the formula
PG# E ; I, or you couldn't have gotten to the preceding pdge. Once -
more, P = E x I, NOT P = IR. !
With the formula P = E x I firmly in your mind return to pege hA

)

and solve for the correct answver.




YOUR ANSWER: 36 watts.

Very good. " P = E x I and don't you forget it.
® g

¢ let's try another one.

1 R = 2000
== II-.25¢|_ .

= E=100v 7

4

- . I
How much power is consumed in the circuit?

he A
25 watts. i3 page TA
100 wvatts. page ‘3B
4B . -
2 v
, E ”
YOUR ANSWER: P = §~'
v i
Right you are.
A ) A , .
. 2R \ 2
y P=FEx I. N P=1I and = ﬁ.-.
Now, solve tii$ problem. S

L]

A certain circuit consumes 600 watts of power from a 200-volt

%

source.,
. 7
What is the currept flow in the circuit?
3 amperes. - - page 8B

120,000 amperes. page 10A

IAVA=FL =32
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YOUR ANSWER: Both the above.

Very good. : T s t

Electrical pover is the time rate atf which charge is forced to move

by voltageq This is why the power in watts is equal to the product of

volts and amperes. Thus, the basic pover formula is P = E x I.
For example, when a 6-volt battery produces 2 amps. in a circult,
the battery is producing 12 watts of power.
; L The voltage states the amount of work per unit of charge, and the
current includes thc time rdte at which the charge is moved;
There is a furtﬁer example of the relationship- between electrical
_power and mechanical power in the fact that
r 746 watts = 1 horsepower = SSO ft.-lbs. per second.
" The unit for the amount of power consumed in a circuit is the

watt. ‘ . page 2A )
‘ | volt. . o ‘page 8A K
- . A}
)B 4 . » 9
" YOUR ANSWER: Po;ger = work x time. -

Come, come nowv.
i waqr is the'time rate for doing work or consuming energy.
When we talk about the rate of something, we are going to &ividé
that "spmething" by time. For example: If You drovg 200 miles in
5 hours, you would have to divide 200 by 5 to find out h§§ many miles-
per-hour you were travelling. There are ﬁ%ny other such "rates",
such as mmymp@nm,@nm&mpmMm,winwrm%,mhw—

per-month. These are all "rates", same quantity per unit of time.

Return nov to page 1A end select the correct answver.

+




YQUR ANSWER: The wa.tt then,is the time rage for consuming electrical
energy.

You are correct, .as far as you have gone. But you seem to have
forgotten one very important point. Before energy can be consumed,
> « work must be done. » ; ) ’

Now, go back to page 3A and select the more ‘correct answer.

~

YOUR ANSWER: .12 watts.
’ No.
The formula for power is P = E x I,NOT P = I x R.
’ Once more, electrical power is the time rate at which charge is
forced to move.by voltage. This is why the power in watts is equal to
the product of vc;lts and amperes. The basic power formula is P = E x I.
Let's return to page 2A and so the dorrect answer.,

P T

‘ .
e !

6C
YOUR ANSWER: 100 watts.

Wrong.

With the formula writtenfright on the problem page, you sﬂcill
won't use it. Come on now, let's get down to the business at,hand.
P=ExInotP=IR." Get this formula straight in your mind; you will
be using it Io; a long ta.me to come.

Now, let's go back to pa.ge TA a.nd solve the problem correctly.

o
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[AVITT R od

YOUR ANSWER: 25 watts.
Right. P is still equal to E x I.

°
—

\

What is tHg powver consumption in the c:Lr::uit‘Z

10 watts. page 9A
100 vatts. page 6C

YOUR ANSWER: P = E x I. A
Well, at least you remembered the basic power formula.
But you were asked, which formula you would use to solve
pover, if voltage and resistance of the circuit wére known. 5
We just gave you the formula on the preceding page: P = g—-.

Here is an explanation as to how we arrive at this formula. P = E x I

ih our basic, power formmla. I = 1%:' in Ohm's law. We can s'lébst'itute )
g-for "I" in the basic power law, thus, P = E x g- or P = 1%"' .

Now, gé back to page 9A and select the correct answer.




YOUR ANSWER: Volt.

You are not correct. . .
[4 - /

Earlier in your §tudies of basic clectricity, you were told that

the "volt" is a uﬁit of electrom9€5¢e force. Now supppse you pushed '
against the wall, surely you are applying a pressure, but unless you
moved the wall, you could not do wofk; ;hus no workv no'tiwé fate
for doing work. The same is true of an electrxcal piug in the wall,
We know that therc is approxfmatcly 110 volts available there, I10
volts of electiomotivé force Téady and able to do electrical work,

but unless we usc this voltage to make current flow, no electrical

work can be done; thus, no power can be consumed.

Return to page 5A and select the correct answer,
q,) ¥ ¢ ° L

' ® . -
B_B._ ) . ' / 4
YOUR ANSWER: 3 emperes. ° /
Very good. Just a little transposition of our basic power law

- P.ig.E. -
e " -E
? P=aBxI o P:Iaﬂ ' P=h_

A certain soldagz\’p;;ga,offers 200 ohms of resistance to 3 amperes
of current Ilow. The power used then, is P = I?R 3x3x20=9 x 200 ;

= 1800 watts. 7
How much power is consumed by a circuit that has .S ampere of
current flowing through a res1stance of 500 ohms?
. 125 watts. page 11A : _
AN 250 watts. .- page 13A




™

9A | . , ‘ -
YOUR ANSWER: 10 watts. . SR

Good. You are remembering that P = E x I- in our basie powver law. -

. When current flows in a resistance, heat is produced. The heat

* energy is evidence that power is_used in producing current in a resist~

ance. The pover %s 2enerated by the source of applied voltar_;e and con- -
‘sumed in the, ;es;stance in the form of heat. L. ’

o~

It is convem.ent then, to he.ve a\power formula to express power in -

watts in terms of resistance.

. ’ /’ . 4 A
For current: ‘ P = IgR ' , -
For voltage:. ) ‘ P = g—- \ ol
. — - : Pl=ExI=..6x2=12watts
_I. ‘I'ét‘l : . P%'?- 12R=l+x3=‘12 watts
—__ . A 2.
— E=6v ‘ R=30 ' P=§—'=33§-— 12 vatts o
- N ) ;@ » N . w + T e .
SRS . .

. ) ' - ‘i - -
~ - | * : " . 2 » : .
. It you knew the voltage and resistance in a circuit, which formula

would you use to solve for power: N ﬁ .

E2 o ,
P == page 4B . _
P=ExI. page B . ’ ' S '
,; 47 - - . = - - - - l o '"
9B - | |

YOUR ANSWER: 750 watts.

o k=1
Again we ansver your answer with, not quite.-
“ The formula again is P = 123, not P =
in your solut:.on.

IR; you forgot to square I °

- Go back to page 1A a.nd try again.

»

e A e R e e

.‘,
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YOUR ANSWER: 120,000 a.mperes. \
“"Holy Mackerel there. What \size conductor do you suppose we would

have to have, to carry thik amour\t of current?

This is Just a little tra.nsp&sition of our basic: power formula
" were given a pover consumption of 600 wvatts from'a EOQ-volt source and
-asked to solve for current (I). O. K.;let's see how it} done.

1. Correct formula: P = E x I. )

; .
2, 600 = 200 x I. )
3. Divide both sides by 200 thus,  °
600 _ 2oo

200 = 20 *

x I. The 200's on the right side cancel each other,
600 _, '
vgndwe ha.veI:-eTJa-— ?

TEy Rgturrllﬁ to page 4B and try again. - . | |

-

YOUR ANSWER: E = I x R. ' ' »

‘Oh! come on,now. All through this lesson,ve have been dealinc;

- directly with the basic pdver formula. And whed we ask you to identify
_the power formula, you give us E = IR,which is Om's law.

'I.et..‘!‘;s .get serious about this business and pay ”'a-,ttention to what

——

: ‘you are reading.
Return to page 16A a.nd select ‘the correct answer.

&

VAams /7
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. YOUR ANSWER: 125 watts.
Right . |
Remember, P =E x I,

P =.123;'

.

— R =500 N1
— ‘ ,
& i v
(sa) :
N
How much power is consumed in “he avove circuit?: .
375 watts. pege 1hA
750 watts. . page 9B
)
Q
118 L
YOUR ANSWER: Both the above,
Very good.

We said ea.:'lier that 746 watts was equal to one horsepower. Now,
let's solve a problem using equiva.lent horsepover. '

In a certain circuit,we have a voltage source of 373 Volts
supplying 4 amperes of current. How much power is consumed by the
circuit in (e) watts and (b) horsepover.

(a) 1492 watts.

page 17A
“ (%) 2 horsepower.

+ (a) 93.25 watts.

" page 12B
(b) .11 horsepower,




stensnntusshinnatuinatanhn.

12A

YOUR ANSWER: (A) P = 50,000 watts. (B) P = 1,000,000 watts.
Wrong. But let's see why you are wrong. »
First, you did not use the correct formula. With voltage and

resistance khown, we use the formula P = g— . Not P = -f% » which you

used in both problems.

Problenm (A)

. Problem (B). P =
~. : 100

s '
wx”? 10,000 -

Pat? |
o
Complete these probléms; then continue on page 16A.

128 ' \
YOUR ANSWER: (a) 93.25 watts. (b) .1l horsepower.
You are not correct. , . :

First of all, P=E x I, not P =1;J-.-

l. P=Ex1I

2, P=373x4 =7 watts
watts

3. EP =? 7z (vates/hp) - — —

hp.

After solving this problem correctly, continue on page .17A.

S

|
\
|
You have solved for horsepower correctly, however; let's try again.
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. ) ' . a - Page 13
YOUR ANSWER: 250 watts. |
Not quite.
Agagin, the values given here, current flow a.t .5 ampere through a
résistance of 500 olms.,
I.gt's see how we solve this problem.
<l. Use the corre¢t formula:; P = Iaﬁ

2. P= ,5.x .5 x 500
3. P= ,25.x 500
h, P=2? _ ~
We ‘arrive at the formula P = IZR by using Olm's law once again.
P = E x I in our basic power law. E = IR in Ohm's law. Substituting
IR for E in our powver formula,we getR-IRoni‘PaIzR.
Return to page 8B and solve for the correct answer.

3B n
YOUR ANSWER: Ohms. ‘

True. But yzu seem to be forgetting that heat is generated when
c;.lrrent flows through a resistance. Heat being energy, it must have
been created, in this case by the conversion of electrical energ:y-to
heé;t‘ energy. How much heat the resistor can consume before it will char
or crack depends a lot on its physical size, especia.lly with the carbon
resistor; the larger it is, the more heat it can absorb and give up. So
not only do we have to know the ochmic value, but we must also kngy how
much current and voltage it will handle,since P = E x I. *

With this in mind,continue on page 18A.

o
<
[0




{\ (B)éff 1,000,000 watts.,

YOUR ANSWER: 375 watts. '
Very good. P=BxI. P= IgR.

Solve for P in the.following circuits:
(A)

R21000N

— E=I00v R=10,000 0.
X N
(A) P = 2.5 watts. ' page 16A
(B) P= 1 watt.
(A) Pz 50,000 watts. page 120

oy .

~
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YOUR ANSWER: Watts.

Page 15

You are pa.rtia.‘l_‘}ir correct.” But you seezx to forget the unit of

_ Resistors are devices which offer a specified amount of opposition

to current flew.

. medsurement for all opposition to current flow.

<y

Don't forget “that resia%ors are rated not only in watts, but also

in their olmic value,
Continue on pege 18A. c N

. A

15B : a

YOUR ANSWER: 128.7 per cent.
You have erred in two ways. °
First, yoy were told that no machine is
Second, you didn't pey any attention to
Once more, the formula for effieiencys

« Efficiency =

ever 100 per ceht efficient.
the formula for efficiency.

Now-_,iiet's solve the prob em. We have a l-hp motor which requires

960 watts input pover:

‘d
k tout 3 ?
1., Efficiency = _m-input x 100. i
' 46 (watts/h
2. | Put j.n kx'xown values. Efficiency = input
‘Bfficiency = per cent. *

After solving this problem correctl)y continue on paée 20A.,




YOUR ANSWER: (A) P = 2.5 ::.tts.
(B) P = 1 watt. &

Right you are. \ ..

Electrical la.mps and. soldering :Lrons are eq}g;nples of electrical
devices that are ra.ted. in wa.tts. The wattage rating of a device in--
dicates the rate a.t which the device converts “electrical energy (power)
into another form of énergy, such as.light and heat. .

For example, a 100-watt lamp will produce a brighter light than a
T5-watt lamp, :oeca.use it converts more electrical energy into iight
energy. '

" Electric soldering irons are of various wattage ratings, with the
high wattage irons changing more electrical enérgy to heat energy than
those of low wattage ratings. ul K2 '

Rather than indicate a device's ability to do work, its wattage
rating may indicate the device's op?/ra.ting limit. These power limits
generally are given as the maximum or minimum safe voltages and currents
to iv'hich a device may be subjected. However, in cases where a dé\fice
is no‘l; limited to any specific operating vpltage, its limits ere given
dlrec‘t.ly %n watts.

The basic power formula is:

/P ExI. .} page 18A
I xR. -~ ‘page lOp <

Lo
E
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YOUR ANSWER: 2&) 1492 watts. I
- o ) 2 horsepower. , 1 g N !
You are correct. . \ o C )

~

Remember &'l.va.yu to use the formula provid.ed, and you can't go vrong.
Let s review our d;audy of electrical power.

1. The unit for power consumed in a circuit is the______.
' N
watt ‘2. The basic power formula is'P = x - o
P=ExI 3. P = E x I is the basic formula for ' .
° ‘ i
s { !
pover 4, With current and resistance known in a“circuit, power ' i

consumption can be found by using the formula P =a_.

5.

Q

) .
With voltage and resistance known in a circuit, power 1 -

1

consumption can be found by using the formula
P = . C

1 ‘ ) ) .
P = E2 + R | 6. One horsepower is equal tg wvatts.
14 > .
746 7. 746 watts is equal to one , .
shorsepower 8. Power is the rate for consuming energy. J
, time 9. FPover ig the product of voa,tage and ,
B and its unit is the : .
} : R
current 10. The power formula can be® vritten in severa.l' separate
watt forms, Underline the form in vhich it cannot ‘be writsen.
a. P=EL b, P=g= c. P=IR "d. - T3,
(/' fy

Continue on 7e 19A -
\ v

- 308 | . SR s
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4 "™ ANSWER:

P = %.x I.
PaExIand don'pjyéu forget it.
A resistor is an example of a device whose limit is given directly
in watts. It may be used in circuits with widely different voltages,

' dépending on the desired ¢urrent. However, the rgsi§tor has & maximum
current limitation for each voltage applied to it. The product of the
resistor's voltage and cur;gnt must not exceed a certain wattage.

Thus, resistors are rated in'wgttsa;in addition to their ohmic
resistance value. Registors of the same resistance value are available
in different wattage values. Carbon resistors, for example, ‘are commonl
made in wattage ratings of 1/3, 1/2 1, and 2 watts. The larger the
phys1cal size of a carbon resistor, the higher its wattage rating, since
a larger amount of material will absorb and give up heat more easily.

That is correct.

Resistors are rated iﬁ .
) © watts,. page 15A e
- cohms. ‘page 13B <

both the above,page 11B

Here are the correct answers.
a. 67.8 per cent. ' o
b. 3300 watts. \

c. A4.42 horsepower.

If y.ur answers do not agree, turn to page 23A for correct

solution.

IT your answers do agree, turn to pege 25A and continue.‘
Q » (

&
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We have one more item, to learn before we come to the end of this

lesson. That item is eff1c1ency. .

All machines lose some power by hea{: and friction. If they didr&,
they would be 100 per %ent. efficient and the output would be equal to
the input. For instance, suppose a one-horsepower motor only required
T46 watts to operate at itS rated horsepowér. We know that one horse~-
power is equal to T46 watts, so the output would equal the input and
the mo@or‘would be 100 per cent efficient. But NO machine is ever 100
;;ér c?ent efficient.

To find out Jjust how efficient an electrical device is, we use

-/

this formula:

output (watts) x 100

Yo
input (watts)

Efficiency =

Let us suppose e have a 10-horsepower motor connected toa 400~
volt source at 20 amps. The output- then is 10 x T46 (watts in one hp)
or T460 watts. The input is P = E x I = 400 x 20 = 8,000 watts. Now,

let's see how efficient this motor is. N

Efficiency = ouipﬁt x 100 = \\ﬁ .9325 x 100 = 93, 25 per cent or

rounded off 93.3 per ‘cent.-

Now you try one. B

what is the efficiency of a l—vhorsepower motor that requires an

input of 960 watts?

+

©

77.7 per cent. page 20A
128.7 per cent. page 15B




YOUR ANSWER: 77.7 per cEnt.
Correct. We had an input of 960 watts and an output of one horse-

power. We were told that one horsepover is equal to Th6 watts;our

problem looks like this: »
: . ™S,

*¢

Efficiency = utput o 900 = %g%-= 0.777 x 100 or 77.7 per cent. ~f
: »

input

[y

The balance o* power,22 3 per cenﬁ is lost as heat or friction.

214 : Heat and Friction Losses “
‘:EX\ 22.3 per cent of power -

/,,/"

(INPUT) SGOw\- I0Oper cent
In the figure above are pictured the paher and the power losses.
If you follow the arrows through this picture, you will find the input
' pover is elettrical powver. I?“%plits up in the moto;}wgoing'in two
directions. The losses in the form of heat are radiated upward and the

output in the form of mechanical power is dellvered to the shaft,

Now consider this problem. We have a S-horﬁepower mptor that
draws 20 amperes from a 200-volt circuit; what is the efficiency of
this motor?

9335 pe::\cent. - . page 22A
107.23 per cent.

+ ~ Delivered
X Power
MO ' T46 w.
’ ' "T7.7 percent -
A (output)

RN
1nPA=C). =T




YOUR ANSWER: 373 watts. 4
Wrong. But do not despair; we will go over the problem with you.
The problem again was ‘to sblve for the input power of a l4-hp. motor

operating.at 80 ver ceut efficiency.

1. Use the correct formula: Efficiency = %:‘;%‘E x 100. .

| & P |
2. Plug in known vaflues. 80 = 4 x T46 (wai.xtl;sléhgx 100,

3. Muitiply both sides by "input": Thus,

ll»x'(lléxlooxz.mut
input” put. ”

L 80 x input =
/ ) 4. "input" on right side cancel out and we have-
N\ 80 x input = 4 x Th6 x 100. )
5. Divide both sides by 80.

80 x input _ 4 x 746 x 100,thus, :
@ 80 80 .

watts.

Q'input =

ltx'?l+6xloo'=A-
80

Complete the problem, then continue on page 26A.
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" Page 22 | - -
,% YOUR ANSWER: 93.25 per cent. I ‘o

You gre correct./ )
N . Now let's see how we could solve for the inpt\power, if the

A

»

»

efficiency and output were known.

First, we will use the correct formulas

. outm‘t" y 1 . : - ,
. ’E:fficiency =3 ot x 100, ] A |
. - *  Now suppose that we had a 5--horsepower motor oéera.ting at T4.6 per
. ‘ ’ ) .‘ ) -

cent efficiency. . . m

l. Put into formula known values® )

' 5 x 746 x 100
™6 = input .;
e 2. Multiply both sides of the equation by. "input" ‘ : Zl
oy j_x 746 x 100 CT
o Input x 71& 6 = Taput x input

3. Then, we have e o

; Input x 74%.6 = 3730 x 100 = 373,000 ‘ i
Input = 31,3(15‘%-0 = 5,000 watts. i
|

)

Now you solve one.

o~

.. A l-horsepower mogor operates at 82) per cent efficiency; what is

the 1nput power"

3730 watts,

373 watts.

”
page 26A

page 21A
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This is how the.problem should have been solved to bo‘ota.in the

correct ansver: ' ' _ : . .-
g ; ' output (watts)
s s _ output_ (v \ 4
1. E:{lc;?x}cy = Input (watts) x 100, :
. 2.

' outp\;t = 3(hp) x 746 (watts/hp) = 2238 watts, %
. ° Q

3. input power = E.x I = 220 x 15 = 3300 watts.

¥, efficiency = '3%32?)35?' x 100 = .678 x 100 = 67.3 per cent.

i bt

) 5. To solve for equivalent horsepower, simply divide the
: b
input power (in watts) by 746 (watts per hp).
’I‘hus: sy ‘
3300 | 's%% : E s
7 ‘3 ;l:. ohp' . s 1- )




YWR ANSWER: 107.23 per cent,
We cen't very vell go along witﬁ your e.hswer, ‘since we already
ha.ve told you that@ ma.chine is ever 100 per cent efficient.

Cur problem is to solve for the efficiency of a S-hp. motor
drawing 20 amperes from a 200-volt circuit. 0. K., let's solve it,

l, P=Ex1I.

2. P= 200 x*20 = 4,000 watts. | ' -

3. Efficiency = ¥Rut . 150,

4nput e
x 746 (watts. hp)
k., Eff?.cfency = gLK;{FOE(_wathLx _100.
5. Efficiency = . per cent. X

After you solve this problem correctly,continue on page 224,

»

; .




Page 25

1. In our study of electrical power, we found that
the unit of measurement for electrical power is
the ] ° -

)

The time rate for consuming energy is

3. The basic power formula is P = k X

4., If current and power in a circuit were known, you

could solve for voltage by using the formula E =

5. In a circuit where voltage and power are known, you

could solve for current by using the formula I =
&

[N

6. We have two formulas with which to express power ~

in watts in terms of résista.nce; they are:

for current, P = .
for voltage,P = .

cu.rrént . P=12R

T. Write the three formulas for power.

input

2 \
-voltage. P=§- Pa P = P =
[ .

PaBx1I 8. The ratio of power output to power input is
P IR ( called — . -

R S

. 1

efficiency" 9. Efficiency is the ratio of power, —to .
ohtput 10, Thne formula used to s'olve fo;efficiency is,

efficiency =__ ) _+

x 100, and is expressed in percentages.
N .

- Continue on page Z27A e
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YOUR ANSWER: 3730 watts.

3

Very good.
Just don't forget to use the correet formula. The correct formla’

will depend on the known factors. By knowing the basjc formula,
plugging in the known values a little transposing,and you are in
business. _ '

Let's solve another Proklem,

&)

. 220v
GENERATOR

(a) What is the efficiency of the 3-hp. motor in the above

drawing? ' per cent.

e

(b) What is the input power in watts? —_watts.

(¢) What is the input power in equivalent horsepover? hp

Turn to page 16B for correct answer.

~
. .
. s

N




‘11. ‘Write the formula for efficiehcy.

3

efficiency =

%%%E%E_x 100

12. -Write the definition of efficiency.-

4 a

Efficiency is
the ratio of
. power output
to power
input.

13. Write the defipition of -electrical power. '

Power is the
time rate for
consuming
energy.

14, This completes our study of electrical work,
pover,and energy. In other words,this is the

-

END.




REVIEW TEST MOR WORK, POWER,AND ENERGY

(Electrical)
(

Fasd

The basic formula for electrical power is: P =

2. The unit of measurement for eiectrical pover is the : .

°

3. One electrical horsepower is equal to__ watts,

L, In the figure below, how much power, is consumed by the circuit?

watts.

In the figure below, how much power is consumed ‘:{y the circuit?

watts,

4

L R, *1500.0.

(5a)
NS

In the figure below, how much power is consumed by the circuit?

watts.,

= E=20 v R =600 N




Uco=tsL =4y

7. A certain generator supplies 373 volts to a load which is operating
at U4 amperes. What is the power consumed by the load in (a) watts,
and (b) in eqpivaienx_horseﬁbwer?

(a). vatts

(b) horsepower

The ratio of power output to pdwer input is called

Write the é%imula‘for per cent of efficiency.

[

10. What is the efficiency of the motor in the following circuit?

« - per cent.

o . ) ATC.SHERPARD AFS TEX. 73=820t

329




N . ' 27

STUDY GUIDE/WORKBOGK 3ALR91630-I-4f>

‘j €5
+ Department of Medicine
School of Health Care Sciences

. -

Cardiopulmonary Laboratory Specialist

-

ENERGY, OHM'S LAW, AND BASIC CIRCUITS

May 1973

i

SfFPPARD AIR FORCE BASE
Ap

!
Designed For ATC Course Use

DO NOT USE ON THE JOB




PURPOSE OF STUDY GUIDES AND WORKBOOKS
 §

Study Guides and Workbooks are tx‘a.lning publicatxons authorized by Air Training
Command (ATC) for student use in ATC courses. '

The STUDY GUIDE (SG) presents the information you need to complete the unit |

of instruction, or makes assignments for you to read in other publications which
contain the requxred information.

The WORKBOOK (WB) contains work procedures designed to help you achieve

the learning objectives of the unit of instruction. Knowledge acquired from _
using the student study guide will help you perform the missions or exercises, -

solve the problems, or answer questions presented in the workbook

THE STUDY GUIDE AND WORKBOOK (SG/W B) contains both SG and WB material
under one cover. The two training publications may be combined when the WB

is not designed for you to write in, or when both SG and WB are issued for you
. | Ry

to keep. _
Training publications are designed for ATC use only. They are updated as nec-

essary for training purposes, but are NOT to be used on the job as authopitative
references in preference to Technical Orders or other official publicatjons.

Prepared by the Instructor Staff, Radiology Course
Medical Service School, Sheppard AFB, Texas

Date of Prepafation May 1970

OYYOC1, =T./RY




. Department of Medicine ) SG/WB 3ALR91630-I-4d
Clinical Medicine Training Branch . - May 1973
Sheppard Air Force Base } o

ENERGY, OHM'S LAW, AND BASIC CIRCUITS

~ . OBJECTIVES:
>
1. Identify statements pertaining to energy as either true or false.

2, List the .thrgg basic requirements for a simple circﬁit.

' \ 3. Given illustrations of elec‘tr;lcal symbols, label the components
: . depicted. : .
4. Select the correct definition of Ohm's Law. .

5. Identify Ohm's Law expressed as a mathematical formula.

6. Calculate current and voltage of a -:I.mplé c‘:l.rcu:lt.

7. Select true statements regarding a DC series circuit. _ /}
8. Select the correct ipfuula for determining current and resistance.

9. Compute total resistance and current for a DC series circuit. B

" 10. Select true dltateaents, regarding a parallel circuit.

e ) ks “y sa b

1l. Compute current, voltage and resistance for a parallel circuit.

11

~J

12, Select the definition of a series-parallel circuit.

13. Draw a series-parallel circuit and label voltage, resistance, and
current, , o 10

14, Select the correct unit of measure for electric power consumed.

15. Compute the current through each branch of a circuit, and total
° current, and the power consumed in watts. ) .

INTRODUCTION:

This Student Study Guide/Workbook was prepared as part of a programmed
lecture. As a Cardiopulmonary Laboratory Technician you will not be
/ required to repair electrical circuits; however, a basic concept of
‘ electrical circuits and Ohm's Law will be an essential building block for
later instruction pertaining to lab squipment and electrical protection.
K . , - \ ~

INSTRUCTIONS: »

/Do not respond in the SSG/WB until directed by the instructor. After
each exercise you will be given the correct answers. Use the questiwns
~and ths,su-qry as a review of the lesson. :
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INFORMATION: - . - a 2‘7 %
L . \ E
~~ EXERCISE 1: “

‘Label the following statements pért:ain:l.hg to enérgy ‘as True or False. W

& -
a. Potential energy is energy in motion. - o~ : &

b. Energy can be neither creatéd nor destroyed. ) )
c. A mat:_ch reptesen_t:a.pot:ent:ial ‘energy.
d. Electrons flowing within a conductor represent kinetic energy.

e. En’érgy cannot be converted to different forms.

f. A burding match reptesents thermal energy. . -
I'd
g. Electrons will only flow from negative to positive. .
S~ h. Current flow is limited by the use of Tesistive devices.
"i. An increase 7in circuit resistance will result in an increase in
current flow. q
j. Current will flow when two differently charged bodies are connected
. by a conductor. ' ' ‘
EXERCISE 2: )
) 1. Ifist: the t:-hx;ee basic requirements 'ft( a basic or simp]_.e circuit.
- N a.
\
b.
c. - ;‘
2. In the illustration below, (1) represents a lamp and (2) represents a three-
’ cell battery. Draw the symbols for these two electrical components >elow.
- : ' e ] ‘ ’ 4

-

v (1) LAMP

(2) THREE-CELL BATTERY
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Study the illustration below.. Writej the name of each component rm by the
symbols. next to the cor_respox{ing letter: R .
. . . -

-

; B | -~
/ L * ]
N ‘ C .
4 Fool ,
/ R |
h =4
’ , ?‘———G :
A, E.
1
!
B. Fo o
h c. ) . G v
r v
. D,
A -
EXERCISE 4:
1. Study the illustration below.. Write the name of each symbol beside the
corresponding number: : .
| * G .
— E 1 3
T MMMM-
. | .
’
A E.
N ' ,

B. F i,
c G." '
D H.




-

: i
. . . . R
7

5 4 @ | | ) 0

24 Energy at rest is considered to be - , b=

: ¥ « ' j
a. kinetic energy. - ' ‘

b. potential energy.
=~

-~

3. Energy in motion is considered to be

. . .
R : -a. kinetic energy. : . -
b. potential energy. ° \ {
° ) ; 4. List the three basic requirements for a simple circuit, ) 1
a.
1 4 - ;'
b. N
© g . :
c.
, 5. Complete the following chart:
SYMBOL TITLE —
a .
\v . . : LAMP
. \ .
| : o | -
. ' - : FUSE - _4
. , " . 'VOLTMETER »
‘- 4 H
' * GROUND
v CONNECTING WIRES
\\’\5/ L —
r - ;
. £
o FIXED RESISTOR
| I,
) g
. ~ 5
etz
'\>




6. Draw a simple circuit diagram cor*taining any six (6) of the components
listed below: . | _

‘a. 2 cell battery’ ] ) g connec_:ting wires
b fuse . h. crossed-over wires
! c. \lamp -, i. fixed resist;r -
d. meh ‘ ' j. rheostat :
e. ground - *k. Armter::
f. Ohmmeter - ‘ : - **1, Voltmeter
- 2

t

*An AMMETER must be connected in seriés with the load. (This will be{ explained
later in the course.) e) o

*HA VOLTMETER should be connected across the load or between load and ground.
(This wi.ll also be explained later in the course.) .-
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. If a c¢ircuit contains 25 ohms of tesistance with 50 volts applied, the

EXERCISE 5: ' 3 | IR | v 2%

_Which of the following is not a form of Ohm's Law?

a. I =ER
b. E = 5R,">%
E -
c. R.-—I—- ¢ Q

If E and I of a citcuit are known, : canvbe determined. (Select

-one.) - ) _ .

a. voltage
b. current ' ; : @
c. resistance ) : ' 4

d. potential difference S, 7 o T
<

-

current will be

a. 20 amps. B ' A -

b. .5 amps.
c. 2 amps.

d. 1250 amps.

Study the illustration and complete the following statement:

4.

“a. 1 2/3 volts.

The voltage in this. circuit is g _ e

b. 15 volts.

c. .6 volts,

-

d. 8 wolts. [ Por—




.. o ’ : . . e

S. The formula used to solve':th. preceeding problem is. -
2 . E - e -
a, I R
b. R = —E—
1
e. £'= R
d. none of the above. - '
EXERCISE 6; e '
1. The most basic electrical circuit is the B
a. parallel circuit. : o
b. series c:l.réu:l.c.
c. series-parall_.elz circuit.
2. The re’lac:l.onshi[;;:t.uf exists between current, voltage,and resiéta_nce is
stated :l.p S v . S .
a. Kirchoff's Law.
b. Lenz Law. h . : ’ k - ]
- " c. Ohm's Law. , ) /
3. List the three basic requirements for a series circuit. .
a.
b. '
Qh\,
c.
4. Select the statement below that is true. Circle the correct letter.

a. Voltage is the same at all points in a series circuit.. .
b. Current is the sl;e at }1\.1 pb:l.ni:s in a series c:l.‘rcu:l;l'..

c. Resistance is the same at all points in a series circuit.




<2

- 5. Which formula correctly expresses the flct that current is the same at all ':Z:iSf
points in a series circuit? . . -

a. I =I;xIpx I3
&
c. I, =Iy-I3-1I3

d. Ip=I) =1 = I3
. N

6. Determine the total resistance of this series circuit:

- ° . :;’
111 || : !

- 2p. < 30V i R =8.n.«% ' S

) $:R1=4n - 2 {
3 | :

The total resistance is S ' u;

- . 3

a. 5 ohms. . c. 12 ohms. %

%

" b. 8 ohas. “. -d. 20 obms. . . R &

\

Study the illustration below then answer questions 7, 8, 9 and 10.

=JHy = ~N~—— ,‘
50.v |
S | : Rp=15n.
A R1=10n ‘_ " B
—WW— .

7. What is the total resistance of this series cifguit?

8. Whatcis the total current of this series circuit?

T 330




9. 1If the voltage remains constant and the total resistance is doubled, what
is the new current? .

»

If the voltage remains constant and the total resistance is cut in half,
vhat is the new currént?

A

If the voltage remains constant in a series circuit and the resistance is
_reduced to one-half its original value, the current will

a. remain the sanme.
b. incresase to double its original value, ' - o

» c. decrease to bne-half its original value.

.

12. If the voltage is reduced to one-half its original value in a series
- eirecuit and the resistance remains constant, the current will

a. remain the same.
b. increase to double its original value.

c. decrease to one-half its original value.

EXERCISE 7:

1. Study. the illustration below and compute the yoltage drops.

DT Ry ,C} Bo - A

40.n 30 20 10

10 ’ | 33i
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2. Study the illustration below and determine the following: total resistance,
total current, and voltage drops across all three resistors.

~

NI | — "

150V
) N
<
| Rt 2
L % R3
o« s
—MW-
R; = 300 | Ry = 6000 Ry =100

Total Resistance: Ry = R; + Rz + Ry

Rt -
Be
Total Current: I, = “X¢

o | .
Voltage Drops: E .- IR
ER]. -
ERZ ‘_
ER

3




 EXERCISE 8: |
1. How many possible paths for current flow are there in a series DC circuit?
a. One ‘¢. Three

b. Two ' d. Four

The three basic components for any circuit are

a. power source, load and switch.
b. power source, conductor and wire.
c. source, load and wire.

d. power source, fuse and load.

3. In a DC series circuit, the total current is equal to . : ‘ }

a. all the currents at various points added cpgecher,v .

b. the current st any point in the circuit.
c. che'cocaldresiscnnce divided by the total voltage. : : . ﬂ

kl hone of the above.
o | , ' g
4. To find the total resistance in a DC series circuit, you would
a. add all the resistances. '
b. haﬁé the difference between the largest and smallest resistor.

c. divide the total current by the total voltage.

d. multiply the total current by the total gdlca‘e.

5. 1If the voltage in a series DC circuit is doubled and the resistance is
h held constant, the current will

a. doubie. ' ‘ c. be the same,

'b. be one-half, d. decrease.

6. If the voltage in a series DC circuit remains constant and resistance
increases, the current must

a. decrease. c. double.

b. increase. d.. reduce one-half.

: 335




7. What form of Oh-'.s, Law is used to find the volcage drop across & resiscor?
a. I= —g— ) c. E=]IR
E I
% b R = —I_' d. E= T N
8. The larger the value of a resistor in a DC series circuit, ‘the
the voltage drop across that resistor.
. . 7~
a. smaller c. less
b. larger d. none 6f c_he above
9. If a series DC circuit contains four resistors of 5 10, 20, and 100 otms
value, what is the total resistance of the circuit?
. a. 95 ohms c. 135 ohms
b. 35 ohms o d. 150 ohms | _
10. An important thing to remembertabout voltage dividers is to start at
and add the to the tap off point
used. o ' S .
a. ground - tesistive values
b. ground - voltage drops
c. ground - applied voltage
d. ground - re erence point
EXERCISE 9:°
1. Study the illustration below and calculate the total resistance of this
‘eireuit.
{
| Rg=? I’R]-IS amps
— Eo=165V .
T %2 1
.I\, - '.'A'.'.'.' )
Rt = __
(=23
\
»
7
334
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2.

'

Study- the 11lustration below and calculate the total resistance, applied

voltage, and voltage drop across each resistor. o
W"AVAf I % - v‘VN‘v -
R]— 2::. R]=2a _ R2=6.n.
wfona  * .
=y | N
Rs=8n. | Rg=10.n.
WW ¢ —WW
a. R =Ry + Ry +Ry +Ry +Rg
R, =
b Et - Ith
c. Ery = IRy = IRz Epy = IRz Ep, = I4k4 = Isks
: %
E = E = E = E - E -
Ry Ry R Ra Rg
' o ' [ : C
If 10 .amperes of current are flowing toward a point in a series DC circuit, .
how much current is flowing away from that point? ‘
a. 1 amp _ : c. S5 amps -
b. 10 amps . d. 20 amps
The voltage drop across a resistor can be determined by multiplying the
current by
a. the applied vgltage. . ¢. -total resistance of the circuit.
. ~ B .
b. the obmic value of the d. total voltage of the circuit.
resistor. ‘ ’
The sum of the voltage drops in a series circuit is equal to (f
‘ » N
a. the total resistance. c. the applied voltage.
b. the total current. d. none of the above.

335 :
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6: A series DC circuit contains three resistors. The applied voltage, the
current, and the values of two resistors are known. How can-tlie value of the
unknown resistance be determined? '

a. By dividing the current into the voltage.

)

b. By dividing the current into the voltage, and subtracting the total
of the known two resistors from it. : E
. c. By“multiplyiqg the ‘current by the voltage.
d. By omltiplying the current by the voltage, and subtracting the totul
of the two known resistors from it.

7. The equation for finding to esistance in a series DC‘cifcuit is

a. RC.RI-RZ-R3 . c. Rt.R1+R2'R3+.

“_8. The correct form of Ohmts Law for finding current is

a. 1= b. I=ER  c.»] =B d. I =g
‘B ' - . R L




PARALLEL CIRCUIT - RESISTANCE

LIKE RESISTANCE METHOD

R
Re = w

1203 1203 12

ORM'S LAW METHOD O

e

I D=2 It I

1 ) Ry

I —5 IZ"‘E' I, 2+6r§
E _ 24

I1=2 amps Iy=6 amps R, =—m=
1 P 2 P t 5, 8

Rg = 3 ohms

N

PRODUCT/SUM METHOD
R.™ R} X Ry

R, + Ry

Rt —5

RE- 3 ohms

~

RECIPROCAL METHOD
t 1.,1,1 1_9 3.

Rt Rllkz.hﬁ; R 12 4

L owlyplyl

R, 436

L
Re

3+4+2
—_—

v

EXERCISE 10:
1. The voltage across any resistor in a parallel circuit is equal to
"a. the total current.
b. the.applied voltage,
c. the total resistance.
d. ynone of the above.

6.




2. The cur_rént through the various branches of a parallel circuit are equil

-

ﬁrhen

a. the voltage drops are the same.

b. the resistors are'the same size. coT
¢. only two resistors are used. ¢

d. more than two resistors are used.

A formula that cannot be used for findﬁté total resistance in a parali-:l .
circuit is

x | - 1
8. Ry =<t c. R, =
t t
t LD NNy B
R; R, R
.‘L’ 0
R x R2 N R
R vy 71 G
1 *FR2 ~

When two 50 ohm resistors are connected in parallel, the equivalent
resistance is ) : ) o

a.. 100 ohas.

b. 50 ohs. )
c. 25 ohms! | L

d. 5 ohms.

o

- When a 10 ohm, 20 obm, and 30 ohm resistors are connected in parallel,

the equivalent resistance is

8. more than 30 ohms.

b. 1less than 10 ohms.

c. less than 30 but more than 10 ohas. g-’

d.‘ 20 obhms.

i

EXERCISE 11:

- 1.

The definition of a series-parallel circuit is a circuit containing a group
of )

4. resistors connected in series with other resistors.
FJ
b. series resistors connected in series with other resistors.

¢. parallel resistors connected in series with other resistors.

d. resistors connected in parallel with other resistors.




N o,

Study the illustration below and complete the following:

. 2
. ¥ A’ -~
. | CRo2 | Ras. I
| I 003 | cons b
~ Zl00V - 0o. - |
¢ 7 T A — ’ . ‘
a. Draw an equivalent series circuit. ‘ o i

’

b. Determine the total resistance of this circuit.

c. Determine the total current of this circuit.

EXERCISE 12: ot .

Study the diagram below. Determine the total resistance, total current, the
power consumed in watts, the ampere rating of Fj, and the minimum wattage ratings

of Resistor 1 and Resistor 2. After you have determined these w’elues, answer the
question that follows: -

-]

Wattage rating of Ry , 'Rz . .

What would happen if a 1 ampere fuse was installed in this circuit?
-~/ ) '




EXERCISE 13: - o .

Study the illustration below. Part B represent:s a schematic diagram of the
pictorial drawing i.u Part A. 7

. ) , 1

Pvsmnahme— "

’ ——— . ' -< - y
100v =~ Ry=100 A, R2=10.n.§ : R3=150.n. M-so_m‘%

Il‘

What would happen 1f all these devices were plugged int:o an externsion cord
tated at 10 amps?

EXERCISE 14:

You have a generator rated at 3,500 watts at 110 volts. From this gznerator you

need to operate a 30 MA, 90 KVP x-ray machine which requu'es 30 amps at 110 vol"s

Can this x-ray machine be safely used_wi:h this generator?

19




- REVIEW TEST L .
1. idencif& each statement below as either ﬁjge or false. - .q'.(&.Vﬁ ‘/
a. Pocenéinl.ene;gy is energy in motion. |
b. .Energy can neither be created 235 destroyed.
¢. A match represents potential energy. -
d. Electrons flowing wiﬁhiu a conductor‘represgnc king;ic'edergy.

e. Energy cannot be converted to different forms.b

f.. A burning match represeﬁts thermal energy.

P

.2. List the basic Q?quiremencs for a simple circuit.

a. . ‘ .
3

3. Write in the name of the electrical component efpicced:

-

SYMBOL ' " COMPONENT

i1} ] | :

OvroEL gy

I

.

~
. f
5

—— .

—W'— 7
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7.

"b. Voltage varies directly with the resistance and directly with the current.

Oha's Lav is dgfined as:  (select one) . v‘ C . ' ‘Zg
a:_ Resistance varies directly with the current and inversely with tﬂgﬂVoItage.

>

c. Current varies directly with thé/voltlge and inversely with the resistance

d. None of the above ‘ v n ' : .

0 i ‘ N . . ¢
5 .
Which of the following is not a form of Ohm's Law?
g .

& 'R i ‘ .
b. I =ER : . : . -
c. E=1IR
d. 1=_E ’
R _ ¢
Complete the following statements: . é?

a. If a'circuit contains 30 ohms of resistance with 60 volts applged, tke
current will be . :

(1) 30 amps. a « : S . ' é
(2) .5 amps. = . - o ' f

(3) 2 amps.

(4) 1800 amps.

b. If the circuit has 4 amps of current and 25 ohms of reSistance, the
applied voltage is : : o .

(1) 100 volts.
(2) 21 volts.
(3) 50 volts. ' . P e

(4) 6.25 volts.

Check (¥) the true statements.

a. Current is the same at all points in a series circuit.
¢ -
b. Total resistance in a “series circuit is equal to the sum of the

sepdrate resistances. - . oot
a . :

-

c. Voltage drops in a series circuit must add up to and equal tk2
applied voltage. . '
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8. Study the illustration below and compute'the total resistance and the total
current of this circuit. '

4|1 o™~
50V

AAA L

S IQ:! =|5a.
~ Ry=10a
M $

Yy

9. Select the correct equation for computing the following values in a series
circuit. . v :

a. Total resistance

b. Total current

(1) Rt-Rl'RZ'R3°

. .

(2) Itu"Il + Ip + R3'+~' ’
2

(3) It-I1-12-13-

(‘0) Rt-R1+R2+R3+

10. Complete the following by selecting the correct statement:
a. A parallel circuit is a circuit im which
(1) Two or more devices are connected across different voltage sources.

(2) A group of parallel resistors are connected in series with other
resistors. )

(3) Two or more devices are connected across the same voltage source.
b. 1In a parallel circuit, the voltage choss any branch is equal to

(1) the applied voltage.

(2) :hE?total resistance..

(3) the total current.

(4) none of the above.

345
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c. The currents through the various branches of a parallel -circuit are Lhe ]
same when .

.. (1) more than two resistorsvare used.
(2) .only two resistors are used.
(3) the voltage drops are‘different.
(4) the resistors are the same.

11. Study the diagram below, then solve for the unknown voltages, currents, anrd
. resistances.

&

I
¥

—v— b P 3
—— Ef :{RI 1' R2 ‘i R3

-—_ 48V 24 8n 6 .
El = Il -. Rl = 24
Ep = Ip=- Rpg=- ___ 8 .
Ej = I3 = Q Ry= 6 !
Eg = 48V Le=- Re= _

12. The definition of a se:ies-paraflel circuit is a group of
a. Tesistors connected in seriqg with other resistors.
b. »paral{gikggg}sto:s connected in series with other resistors.
c. series resistors connected in series with otﬁer resistors.
d. resistors connected in-parallel with other resistors.

13. Study the diagram below and draw an equivalent series circuit. Compute ‘:he
values of E¢, Rg, and Ig. ' '

’

""V N

R|== 2(1rL

AA
vy . -~ 2

i Ry=20n | | “




EQUIVALENT CIRCUIT: -

14. The Bait of measure for electrical power is the
a. volt.
b. watt.

c. ampere.

I, I3, I,

J

 24 N | “ 34:,

d. .ohm.
15. Study the diagram below and compute the following values: I,
Iz, and W.
R
——_ ' " R2 & R3 < R4
—— 3 3 N ; 3
100 —— 100n. 3 10a 150n 50n F
Il - Ia -
I = : I, =
13 - W =
14
§




STMMARY
ENERGY, OEM'S LAW,

SIC CIRCUITS

etic. Potential energy is energy
. Energy can neither be created

Energy exists in two states, potential or
at_rest while kinetic energy is energy in mot
nor destroyed;/howevar. its form can be ¢ d to acccomplish a specific Job. _For
example, electrons at rest are potential e rgy; when placed in motion they becomn
kinetic energy, and as they move through & conductor or resistive device, their
energy may be converted to heat, light or magnetic force. ~

An electrical circuit is any closed loop in which electrons may flow and finally
return to their starting position without passing the same point twice.

Schematic symbols and abbreviations are used instead of pictorial circuits.
This makes it possible to convey much more information in less space. e

-Obm's Law states that the current flowing in a ¢ircuit is directly proportional
to the applied voltage and inversely pProportional to the resistance. Ohm's Law may
be stated mathematically in the following forms:

’ E
I=.E
: R
E= IR

E
Rw — »
I 4

. & A D
Almost any direct-current circuit can be solved by 5bp1ying one or more of
these basic formulas.

Before applying Ohm's Law, you must always convert given values to volts,
amperes and ohms. : . )

It must be remembered that current varies inversely with resistance; that is,
if the resistance is increased without changing the voltage, the current will
decrease a proportionate amount. Doubling resistance reduces current one-half.
Also, it must be remembered that current varies directly as the applied voltage;
that is, if the voltage is increased and the resistance not changed, the current will
increase a proportionate amount. Doubling the applied voltage doubles the current.
Finally, the voltage drop across a resistance is proportionate to the product of the
current and the resistance. That is, 1f either the resistance or the currsnt is
increased and the other remains constant, the voltage drop will increase proportion-
ately. Doubling resistance, with the current remaining constant, or doubling the
current, with the resistance remaining constant, doubles the voltage drop. Doubling
both current and resistance makes the voltage drop four times as much.

In a series circuit the same current passes through each device to complete its
path from the negative to the positive terminal. 1In a parallel circuit all current
does not flow through each device. The current divides to follow two or more paths.
A series-parallel circuit is a combination of series and parallel circuits.

The voltage drop between two points is the potential difference required to
force the current between the two points. Voltage drops across resistances are
called IR drops, since they are computed from Ohm's Law formula, E = IR, In a
simple series circuit, the sum of the voltage drops in the external circuit is equal
to the applied voltage. :

25




When the internal resistance of the source 1is indluded in the calculations, the
sum of the voltage drops around the entire circuit is equal to the EMP of the source.
In a series circuit the effective or totdl resistance is equal to the sum of the
individual resistances, or to the voltage divided by the current.

In a parallel circuit the same voltage is applied to each parallel branch, the
total current is equal to the sum of the currents jin the individual branches, and
the effective or total resistance of the parallel Lranches is equal to the voltage
applied to the branches divided by the total current through the branches.

Parallel resistances may be combined to obtain the effective resistance by
thke LIKE METHOD, OHM'S LAW, the PRODUCT/SUM METHOD, or the RECIPROCAL METHOD.

Any circuit may be reduced to an equivalent series circuit.

The sum of the currents arriving at any point in a circuit is equal to the sum.
of the currents leaving that point. .

The unit of measurement for electric power consumed, or the rate at which work
is produced, is the WATT. The alphabetical symbol for power is the letter P and
is expressed in watts. Power or Wattage equals the voltage multiplied by the
current. (W =E x I). ' N

. A
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MAGNETISM AND ELECTROMAGNETISM

Part 1 ~ Exercises

Exercise 1:

1.

2.

List the three types of ia;ﬁctl.

b.

Ce

Magnetism is defined as

By

a. a force vhich makes 1 polliblc for a magnet to force eléctrons throush a

conductor.

b. a force which attracts\iron, steel, or other magnetic substances.

S c. a force which makes it possible for a -lgnct‘to resist the flow of electrons
through a conductor. °
¢
d. none of the above. A _
3. Any magnet made of hard steel would be a ) - magnat; a magnet made
of soft iron would be a nagnet. .
4. Magnets that lose their magnetism rapidly ars called. .
5. Any magnet that holds its magnetism for a long time is called a
magnet, and it is said to have high *

A

Exercise 2:

1.

Which of the following statements is true concerning magnetic forces?

o

a. Like magnetic poles attract each other and unlike polel rcpcl each
other. .

b. Like magnetic poles repel each other and unlike polc- attract each .

other.

3

¢. Both like and unlike magnetic poles repel each other.

° ‘ » . g -

o
YN
o
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2. The force existing between the poles, as indicated by the arrews’. would be that of

a. attraction,

——— £

b. repulsion.

2 3. ‘The force exerted between the two magnets as indicated by the arrows, wo 1ld be
that of ' ' )
¢
” /
, |
\
.R.
/j
. 7
a. repulsion.
b. attraction. " . . » 3
4. Which of the arrangements below would have the greafeqt combined magnetic
strength? '
. : INn__ ST N[N s[s N]
. A
N S|N s|N SN s]
8




Exercxse3 v ' ' /7 , . ;

v 1. The epace@surroundmg a magnet and the area occupied by the magnet is . . |
¢ considered the - 2 - . _ ]

a. residual magnetism.
b. inducing magnet.
c. magnetic field.

d. reluctancy field.

2. The number of lines of force per unit area in a magnetic field is referred to as
the - of that magnetic field.

a. magnetic inductfon

b. residual magnetism

£
jatg

c. flux density

d. retentivity - )
3. The flux density in a magnetic field will when the magnetic field
is increased. ' .

a. increase
~ b. decrease : .

4. The magnetxc force is greater at the poles of a magnet than in the middle; therefore.
the flux will be more at the poles of the magnet.

'5. As the distance from the surface of the magnet increases, the magnetic force
becomes :

a, stronger.

b. weaker.

94




Exercise 4:

(i
1. The dlrectxon of the magnetic lines of force in the external magnetic field is from
the '

a. South pole to the North pole.
el . s
( North pole to the South pole. -
2. The direction of the magnetic lines of force on the inside of a magnet is from the

— a. South pole to the North pole.

b. North pole to the South pole.

£
&

‘3. Because of their mutual repelling character:stxcs. lines of force in a magnetic
field never : one another:

4. Study g&{flustration below and answer the questions that follow.

a. The force which causes the flux lines to stretch out and away from each other
in the magnetic field is the -

» b. The force which causes the flux lines to come close together at the South pole
~ is the

[
P




Exercise 5: R ‘
. ' ]
H

F " 1. Substances which are strongly attracted by a magnet are called |
‘ stubstances. . ‘ \ N

2. Which of the following materials would make the best permanent magnet?

a. lron
) b. Steel
c. Silver \

v d. Nickel

.

B

;,/\ 3. ldentify the magnetic and nonmagnetic substances below by placing the letter "M"
beside the magnetic substances or the letters '"NM" beside the nonmagnetic substances.
_____a® Wood " ' . g., Cobalt
& Iror; : r —__h. Manganese ) et . |
______c. Glass __ - i. Gold ' I
— d; St‘eelbu ’ — J. Silver )
| ’ .

e. Stone ' k. Nickel

f. Copper

4. In an unmagnetized iron bar, the fnagnetic molecules are arranged so that their
individual magnetic strength . . .

a. . adds

b. substracts

v \ .
c. cancels . . '4
d. does not exist ok
Va
, ) \ ’ .
«
o7
: N
vlv
< 3 o -
Y
5
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Exercise 6!

1. A material in which the molé,culen change direction quite easily will have
(1) . permeability and (2) retentivity.

(1) ' .

.

* 2. Retex‘xtivity and residual magnetism are obviously related to each other, since
is the ability of a magnet to hold magnetism, while is the actual

magnetism which the magnet retains.

4. Match each term in column A with the correct definition from column B.

/

A - Terms B - Definitions

a. Per;neability 1. The magnetism which a magnet can
: hold.

b. Magnetic induction :
2. The process by which artificia’

. c. . Retentivity magnets are made.
N .

d.. Residual magnetism 3. The ease with which a matericl can
' be magnetized. ‘

e. Reluctance , -
: 4. The ability of a material to hold
magnetism.

5. The opposition of a substance to
become magnetized.

5. Air has a relativgl); low permeability. The permeability of air indicates
a. the ease with which it can be magnetized.

) b. the ease with which it will conduct magnetic lines of force.

- c. botha and b,

2

6. Magnetic lines of force can travel through

, ‘ __a. magnetic lubntancél only. A

b. air and magnetic substances only.

c. every known substance.

3. Because of its high retentivity, you would expect steel to have a .




Exercise 7:
Exercise 7:

1. Current flow produces a : around a conductor.
o

a. North and South %ole

=]
b. magnetic field . . -

«

c. residual magnetism . ' .

2.~ When the current througl; a wire increases, the magnetic field around the wire
becomes '

. ===
a. larger., «.v

o,

b. smaller. G . ‘ ( ”

3. What determines the direction of the lines of force around a cufs-}: "rnjtlé'éax{y-‘zng

conductor? ) :
é

4. To create a North and a South pole using a conductor, form the conductor into
a A o . ' ' '

5. The lines of forée around a coil form a magnetic field which is similar to the
Jsagnetic field of a bar magnet. Study the illustration below and determine whether
A or B is the North pole of the illustrated coil. : -
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Exercise 8: ‘ o~

1. List th!three mam factors that determine the strength of the magnetic field of

. a coil, . -
%
a. .
. : S0 ]
b, !
; }
c. : : :
9
. '2. When an iron core is inserted into a coil, the magnetic strength of the coil is -
. ' . - % ‘ . .
8 - a. unchanged. _
b. increased slightly.
.
__¢. decreased slightly,
LS
d. greatly increased, )
3.  Ampere-turns per inch is the unit of méashrement‘for . .,
- _ _ -
4. Magnetomotive force is equal to the currept (in amperes) in the coil multiniied by
the . .
a

4
5. If the magnetomotive force in each of the coils below is the same, the

strength of coil’ will be much greater.
&

magnetic

A | g

7 7 ]
mod | | )
V L
A I Bl |1 — L.
’ a. A ' ~
b. B N
’ 7
. s
\ ! -
8 )

e
T
¥)

3




" Exerc‘ile 9: - B | o 5'//

1. A current carrying coil whose length is greater than its diameter i§ known as

a. an electromagnet.

————

b. a choke coil. . °

—————

c. a relay.

————

;
H
!
k
{
!

d. solenoid coil.

2. The core of an electromagnet should be constructed of a material that has

a. high reluctance.

b. high retentivity.

c. high permeability.

3. Which of the following devices utilizes the 'centering effect"

of an iron core within
a current carrying coil?

6eY9-€L ~ae

a. Magnetic circuit breaker
b. Eleétromagnetic lock

c. Sofenoid l\gitch

v ) d. All of the above R
-~ /’- )
; .
€Y ~—aa,
) 35 )
&
) . 9
Fg;f\ ©
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PART II - SUMMARY

MAGNETISM
‘ Mégnetic force is an invisible force that exists in the space surrounding a magnet
{ and is capable of attracting iron, steel, or other magnetic substances.
TYPES OF MAGNETS .
There are three types of magnets - natural, artificial, and ele;:tromagnetic.
Natural Magnets. Magnets in the natural state.

Magnetite {Lodestone) “
- Very limited practical use because their magnetic force is irregulur

and weak. o
Artificial Magnets. Metals artifically magnetized.
Cheap - easy to produce. Used extensively in electrical equipment.
Temporary and Permanent Magnets. ’
- Temporary Magnets - a magnet that loses magnetism as soon as it
is separated from the magnetic field. )
Permanent Magnets - a magnet that retains magnetism afte: be.ng
separated from the inducing magnetism. ) .
Electromagnets. Electromagnets depend upon electric current for their miagnetic
energy, they are temporary magnets, ' '
Magnetic Poles and Their Characteristics. Most magnets are able to att-act
materials at certain points on their surfaces. These points are the POLES whare the
.magnetic force is concentrated. The poles are usually referred to as the NORTH and
SOUTH pole and are represented by the letters "N'" and "S" respectively,

.

One characteristic of magnets can be remembered by thig simple law: LIKE
MAGNETIC POLES REPEL EACH OTHER; UNLIKE POLES ATTRACT EACH OTHER.

P ’
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If 2 or more magnets are allowed to come together, with the North pole of one next
to the South pole of the other, they act as one large magnet. Their magnetic strength
will concentrate at the outer poles and is greater than one of the magnets alone.

MAGNETIC FIELDS

Magnetic force exists in the space surrounding a magnet and is capable of acting
upon other magnets or magnetic "substances. It is not necessary for an object to be in
direct contact with a magnet in order to be influenced by it, however, the force is
always stronger close to the magnet. ‘

The magnetic field includes the area surrounding the magvnet and the arda
occupied by the magnet.

CHARACTERISTICS OF THE MAGNETIC FIELD
4 )

- - - -
- o m———

The magnetic field is made up of lines of force or flux lines, The direction of the
lines of force in the external magnetic field is from the North to the South pole; inside
the magnet, the direction of the lines of force is from the South to the North pole.

Forces Acting on the Flux Lines : ’

Repulsion. Lines of force in the magnetic field exert their energy in
the same dlrectxon. therefore, lines of force in the same ma.gnetxc field will repel each 3
" other. ‘

Because of this mutual repelling force, they never e€ross one another and tend to
remain as far apart as posslble This causes the magnetlc field around a magnet to
expand and spread out to cover a wxder area.

PR
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Attraction. Lines of force, in addition to repelling cach other, are
attracted io the South pole;-because of the attraction, they take the shortest route from
the North to the South pole. , . . )

These oppusing forces account for the pattern they form around a magnet.

Flux Density. When the strength of a magnet is increascd. the number of lines of
tforce will also increase. This increased number causes the lines of force in the
magnetye f{icld to be pushed closer together. Therefore, as the magnetic strength
increasds. the ficld expands and becomes more dense. #

Due increased density of the flux lines, the magnetic force beconies stronger as
you move tdyard the poles of the magnet.

The strength of the magnetic field is measured in terms of flux density. Flux.
density refers to the number of lines of force within a specific area in the magnetic
Tield. and is expressed as lines of force per square inch or per square centimeter.

Magnetic and Nonmagnetic Materials. Only certain substances can be attracted by
a magunet or become magnetized, these are called magnetic substances. They consist,
for the most part, of iron and its various alloys such as steel. Cobalt, nickel, . and
manganese are to a lesser degree magnetic. , ‘

Relatively few substances are magnetic. Most substances such as wood, glass, >
stone, gold, silver, and copper are nonmagnetic. . .

Magnetic Induction. The process of magnetiving a piece of metal by bringing i*
into contact with a magnet is termed magnetic induction.

Retentivity and Residual Magnetism. The ability of a magnetic material to ret.in
magnetism is called retentivity. The magnetism retained by a substance after its
removal from the magnetizing force is called residual magnetism. Temporary )
magnets have little residual magnetism, while permadent magnets have a large amount,

Reluctance and Permeability. Highly retentive substances are not readily
magnetized, their molecules are difficult to rearrange.

The term that refers to the opposition of a substance to become magnetjs
reluctance. A material having high retentivity will also have high reluctande

A substance in which the molecules change direction readily will be
magnetize. The term which refers to the ease with which a material can be magn tized
is permeability. o

The terms permeability and reluctance are opposites. A substance having a high
permeability will have a low reluctance. For example, soft iron is easily magnetized,
therefore, soft iron has high permeability and low reluctance.

Magnetic Shielding *

. Permeability, in'addition to referring to the ease with which a substance
may be magnetized, is a measure of how readily it will conduct lines of magnetic force.
A substance which can be magnetized easily can also readily conduct lines of force., For
example, soft iron will conduct lines of force much more readily than air. Therefore,
if this highly permeable material is placed within a magnetic ﬁjid’ the lines of force

d is

take the path of least resistance and are redirected. This prindiple is utilized to shield
equipment from a magnetic field. ‘ J

ELECTROMAGNETISM

. _ . V
Magnetism and electricity depend upon each other; when current flows through a

wire, a magnetic field exists around that wire.

CHARACTERISTICS OF THE MAGNETIC FIELD AROUND A CURRENT-CARRYING
CONDUCTOR '

N

l. Forms concentric circles around the conductor.

12
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2. Behaves as if under tension. Each line of force around the conductor acts like
an elastic band. When current increases, more lines of force are produced, because
they' repel each other, the lines of force stretch farther away from the conductor. As
current flow decreases, the lines collapse back toward the conductor.

3. Exist along the full length of the conductor.
s

4. Form at right angles to the conductor.

Magnetic Field Around a Straight Conductor. The magnetic field around a
straight conductor does not have a North or South pole. The lines are in circles
rather than from North pole to the South pole.

The direction current flows tbr{%h a conductor determines the.direction of the

magnetic field around it. Thereforg, 1though the magnetic field around a straight
conductor has no North or South polexdit does have direction.

Magnetic Field Around a Coil.

When a conductor is bent into a loop, or coil, each line of force passes through the
inside of the loop, then circles the outside of the loop to complete its path. In so doing,
a North pole is created on one end of the coil and a South pole of the other. The
direction of the lines of force around a coil of wire, therefore, are the same as that
around a bar magnet.

Polarity of a Coil.

When the conductor is wound into a coil of many loops, or%turns, the magnetic
fields around the loops combine to form one large magnetic field. The magnetic polea
are formed at the ends of the coil.

. The direction of the cx;rrent flow through the coil determines which end is the
North pole and which is the South - or the polarity of the coil. ‘g

13
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Factors Affecting the Magnetic Strength of a Coil.

There are several factors that affect the strength of the magnetic field around a
coil,
® 1.

Number of Turns Per .Inch.

The relationship between magnetic strength and turns in a coil can be summed up
as follows: The greater the number of turns per inch in a coil, the greater its '
magnetic strength will be.

2. Current.

If current through a coil increases, the strength of the magnetic field increases;

if current decreases, the magnetic strength decreases. The magnetic force of a coil
is dependent on the turns per inch and the current through the coil, this is called.
magnetomotive force. The unit of measurement for magnetomotive force is the am»ere

turn per inch, and is equal to the current (in amperes) multiplied by the number o
turns per inch. ’

3. Core Material.

DAL it i
e aman®

Another factor that affects the strength of the magnetic field around a coil is the
Permeability of the core material., The type of core material determines its abilily to

conduct or concentrate lines of force. Iron, for example, being more permeable than
air will concentrate the lines of forc

within the iron, and add its magnetic strergth to
that of the coil. o ‘

14
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ELECTROMAGNETS
) .

A current-carrying coil which has a fixed iron core is called an electromagnet.
An electromagnet usually has a soft iron core. A core with high permeability (low
retentivity) is important because when the coil is de-energized, it must lose its
magnetism quickly. Electromagnets are temporary magnets which loose their
magnetism as soon as current flow to the céil"is cut off.

Electromagnets are used extensively in the construction of switching devices for
electronic circuitry.’

£
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PURPOSE OF STUDY GUIDES, WORKBOOKS, PROGRAHH!D TEXTS AND HANDOUTS
w{ - .

Study Guides, Wockbooks, Programmed Texts and Handouts are tra¥ning

publications authorized by Air Training Command (ATC) for student use in
ATC courges. _—

The STUDY GUIDE (SG) presents the information you need to complete

the unit of instruction, or makes assigmments for you to read in other
publications which contain the required information. ‘ :

: The WORKBOOK (WB) contains work procedures designed to help you
achieve the learning objectives of the unit of instruction. Knowledge
acquired from using the study guide will help you perform the missions
or exercises, solve the problems, or answer questions presented in the
wotrkbook.

The STUDY GUIDE AND WORKBOOK (SW) contains both SG and WB material
under one cover. The two training publications are combined when the WB
is not designed for you to write in, or when both SG and WB are issued
for you to keep. ‘ T

The PROGRAMMED TEXT (PT) presents information in planned steps with

provisions for you to actively respond to each step. You are given
immediate knowledge of the correctness\of each response. PTs way either
replace or augment 3Gs and WBs.

The HANDOUT (HO) contains supplementary training materials in the
form of flow charts, block diagrams, printouts, case problems, tables,
fortis; charts, and similar materials.

. ' #

Training publications are designed for ATC course usge only. They
are-updated as necessary for training purposes, but are NOT to be used
on the job as authoritative references in preference to Regulations,
Maguals or other official publications. -

¥l ;

o
o
-3




ANSWERS TO SELF-TEST

DECIMALS

1. A decimal is a number that represents a fraction with a denomi-
nator that is a‘piower c;f ten.
2; a. (30.04 thirty and four hundredi.hs)
b. (.379 three hundred seventy-nine thousandths)
% ¢, (1.46 one and forty-six hundredths) o
d. (90.001 ninety and oue thc;usandths) N
“3.7a. 9.75 b, 12,3 c. 7.123  d. .00T3
e a. .3 b .8 c. .75 da 2.5
5. a. 1l .be 9 c. 21 de 7
L 10 200 20
6. a. u6 b. 13.85 c. .057  d. 1.600L
7. a. 25.886 b. 180.553 c. 19.3925
8., a. 10.18 b, .6298 c. 446,37
9. a. .3093 b. W.OOZBL,I C. .32012° -
10, a. 20 “b. .00L c. .5
i

57

e g




INSTRUCTIONS

DECIMALS

This is a progranmed lesson on DECIMALS, It is not a test as one

right think, but an easy .'way to learh at your own vrate of speed,

The two tjrpes of prograiming used in this lesson are: . . A
ﬂa. Lin;ear- Information, ip’small amounts, will be presented. in

sequence. You will advance from frame to frame,using a provided

cardboard to cover upcoming framés, Do not look ahead at answers,

At temt?) =31

IF YO. MAKL AN ERLOR, strike out the incorrect a.nsw\er and correct
it,

"b. Branching-- The ixiformation given in these franes will be greater |
and you will be given'a list of possible answers, » Directions to ’ 7 ‘;

*y turn to a page for each answer will.be found next to the answers,
FOLLOW THESE DIRECTIONS. Circle the answer you think is correct,
If you have selected an incorrect answer, put an X through the
incgrrect response and circle another answer,

HEAD ALL LiJFORMAT ION CAREFULLY. Be sure you understand ﬁhat. is s;id

before you attempt an ansx;er.

If you wish, yéu rnay turn back to ény part of the program to clarify

some vague point,

.Jhile working problems in the program, if you are instructed to

SHOJ ALL WORK, yrou rust work in the progigm. Otherwise, you may ;io

the work EITHER on scratch paper ov in the program,

ii Continue to page iii

-

T




DECIMALS
¥
OBJECTIVES:
1, 4rite,in his own words, the definition of a decimal, . . ¢
2.

Deronstrate ability to read decimals by matching numerical

decimals with the appropriate word decimals.

3, Write the numerical form of given word decimals,
L. Change given fractions to decimals,
5. Change given decimals to fractions. Reduce the fractions to
lowest terms,
6. FRound off given decimals. L -
¢
7. Add given decimals. ' .
8, Subtract given decimals,
9. Multiply given decimals.,
10, Divide given decimals,
A [ SUGGESTED READING TIME—— 62 MINUTES |
* ’ .
4-7-\x
\
NAME CLASS ___
iii ’ Coqtinﬁe to page 1.
@

25
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1. The definition of a decimal is: A number that
represents a fraction with a denominator that is
a power of ten, The definition of a decimal is:

N

@

a number that
represents a
fraétion with a
denominator that

is a power of ten} % has a denominator of one hundred ia.nd,of' course,

{

2, deing a power of ten simply nieans that you ean

divide ten into the number evenly. The fraction

{r
ten will divide evenly into it. Ve know that ‘100 -

is a power of
'. & »

10 of ten 3. All decimals represent fract“ionsu and in every case
- the denomi_natbr is a power oi: ten, The dec‘imal ,
.1, ;‘eprese.nts-‘ the fraction 'i% + The denpmihator
v is a __ _ of .i ‘ !
power A. The definition of a decimal is: A number that
ten " represents a fraction with a + - | that yia
a' of .
denominator LA, Kéy,.words'éfte \Help you remember hard to leamn Jl"
ipowqr ) definitions. In the definition of DECIMAL, the
ten

words to remember as keys are: FRACTION,
DENCMINATOR, and POWER OF TEN. ' -
. Write the ke.y words that will help you remember

‘ -
the definition of decimal,

’ - f "\ b 4 and .
~— o A ‘e ‘
o r 7
. . ) . 1l . \ o Céntinue to page 2«

- o - ’ ‘ ‘ /jx).
. ) . ) . o
) rd ) Q ' 3 7 -L -9 < - - " \
R ) - 2
M ' K . - . . o

32




f;action 5, A aecimal is a number that represents a

denominator with a , that is

power of ten ' ' .

°
L)

fraction . 6. lrite, in your own mrds, the definition of a decimal]

denominator .

‘a power of tem J i .

a number that 7. Each digit in a decimal has a place value and is
represents a read in a certain way. The places are as follows:
fraction with ’ - , '

a denominator
that is a power
\] of ten (or a rea-

Tenths, Hudredths Thousandths Ten Thousandths Hundred Thousandths

The 3 is ir.“the thousandths place, the 5 is in the hundred thousandths
”

place,and thq 1l is in the place;

tenths 8., As you probably have nbticed,f the places to the
”~ .
right. of the decimal point all end in "ths.," 1In

the decimal 2,46, the 6 is in the

* placg L4 ’ . ’ -

hundredths 9. A decimal is read like this: (Example)
([ 35.362-— "Thirty-five AND threée hundred
- sixty-two thousandTHS",

The 2 in this decimal is in the

4

° Ty

ﬁplace. ~ . ‘ o
‘ ‘ - N . . i

er

Ll

2 Continue to page \3.
y . I 3 |
37z
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thousandths

10,

vhen there is a whole nwber and a decimal, the

decimal point is read "AiD", Ior example: 6,02 is-

read "six AND two hundredths",

vhen there is only a decimal (no whole number),
LN
it is read without using the word, "and",

For
example: ,06 is read "six hundreths",
low would "thirty-three THOUSANDTHS" be ‘written

as a decimal?

.033

REITMBER=--~ When you are reading decimals, the
decimal point is reéd "and" except when there
is NO whole number; For example: .5'is!read

"

"five tenths", 3,22 is read "three AND twenty-two
hundredths", %
Matech the decimal in column A with the correc

word decimal in column B,placing the correct

4

letter by the word decimal, "

AF .
a, 4.3 Six hundreds
b. .006

Twenty-five and one
hundredth

c, 25,01
Six hundredths
Four and three tenths

Twenty-five and one
tenth

Six thousandths

r'

~ ' 3 N ~ Continue to page 51 ®




Very good! Yaqu should be ready for a more difficult problem, so

let's do this one:
i

Change %goto a decimal.»

If your answer is: . v ‘Go to page:
] .0052 6A

052 ‘8B

LB
Wrong!! You add on]\;/ the ‘nmnbei' of zeros that there are digits
in the decimal, There is only one digit in the decimal .7, so there
will be only one .zero in the fraction. The decimal .679 has three

digits,so the denominatér will have three zeros and look like:

‘\ If your answer is: ' Go to page:
679/1000 _ _ 16A
679/000" , RV
2 &
) .
‘ ¥ | A
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A, 4.3 12, DNow, match celuwp A with column B in the same
{four and ganner. ‘
three tenths) .
. A B
be 006 .
{s8ix thousand- a, 25 Two hundredths
ths) ’
'y b, .002 One and two hundred
c. 25,01 . twenty-two thousandths
(twenty-five c. 20,05 , ‘
and one hun- Twenty~five hundredths
dredth) d, 1.222 ' .
: * ng thousandths
Twenty and five
hundredths
Twenty-five hundred
One and two hundred
“twenty-two thousands
T

. ® 2 §) (t{’ent}'-‘

five hun-
dredths) " °

002 (two
thousandths)

20,05

(twenty and
five hundrec-
ths)

1.222 (one
and two hun-
dred twenty
two thou-
sandths)

NOTE:

Be

certain the

word decimal

$ends with "ths

3. Vhen writing a decimal, FIRST and MOST IMPORTANT,
determine the "pﬂacé& value (thousandihs, tenths
‘etc.). This will give you the number of digits

* you need to tﬁe right of the decimal point. For

’ o

ths will reouire
L

é%xample:
-

twenty—twq}thousand
three digits because it is o the thousandths

(AT

s \j
place, It Wwould be written: ,022

Five and five tenths would be wfitten: 5.5

(Remember, with a whole number, the decinal point
f‘is read AﬁD.)

How would twenty~five and fourethousandths be

2

nnittizj : .

—

1

) ntinUé to rage 7.
- ’ J-
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7
6A

Returm to page 4A and do the division again and place the decimal

o<

point in the right positionjy then select the xight answer and ;0 to the

page indicated. ,

wWrong. You set your division up incorrectly, The problem should have

- | been set uhé_ke this: 23/12.000

éB )
3/4 is not corrfc:'c/- .75—3/&. Heturn to page 10 and work the

problem again. Then sel t the correct answer and cont:.nue with the

4

program., _ ' s

@

4C . o
You have wmisplaceu the deécimal point, The decimal point AILWAYS

roes to the extreme right of theé dividerd. FXANPIE: /I3, not /1.2,

from -1%./ Return to page 8B; rework the problem and continue with the

-

program.

.
7 (7 -
N N

6D | .
Your division is right, but it is unnecessary to put the O at the end

oé‘; the decimal., Turn to°page LA and continue the program.
g -

o

]




1,. Thirteen and four tenths would ‘appear as 13.4

b
word decimals,

a, Sixty-five hundredths

/

b. Sixty and ninety-seven thousandths

]

) ’

¢c. Three hundred and four tenths

Seveuty-five ten thousandths

1
T

e. Fifty-eight and sixty-six hundredths

o3

f. Forty-nine thousandths

25,004
Nine and forty-four hundredths appear as: N
| K / | 2
e L1, o 15. Four ten thousandths lJOks like .
. 000L / 16, Write the numerical \form of twenty-nine thousandths.
2
l‘.\\ M
.029 17. Write the numerical’ form of each of the following

i




8A

'
| 4

Ial@’% is correct for the first step, but each fraction must be in its

lowest terms, 5 divides into 45 and 1000-~ thus it can be reduced.

Go back to page 16A and reduce. the fraction, choose the correct

answer,and go to the page indicated,

8B ,
.\ N | -

.52 is corréct You have been changing proper fractions to decimals,
SO now let's change an IMPROPER FR.ACTION to a decimal, It is done in
the. sdme manner, but NOW the answer ll include a whole number,

1.5
For example: % changed to a decimal is 2/3.0. ‘) As you can see, an
2

10

°

improper fraction will become,a whole number and a decimal (1.5).

~

Change l"%-to a de¢imal,
If your anaswer’is': . _~ Go to page:
.iZ’. * T 6C
1.7 )

8

1

C

o

_ You have the 3 zeros but what happened to the 1? The decimal ,679

is read "six hundred seventy-nine thousandths] so the dgnoxiﬁnator
AN « P "L

becomes 000, Return to page 4B and select the correct answer,




&>

a. .65 18, All fractions can be changed to a decimal by

b. 60.097 dividing the nuierator by tlie denoiinator. The
c. 300.4 decimal may be carried out as many places as the
do .0075 problem indicates. Fxample: 7 to & decimal is
e. 58.66 ' 8

. JOL9 .875

8/7.000 BuOKrk INTO LTiPba

a. Divide the numerator (7) by the
denuminator (8). ‘

b. Place thie decinal point to the fight
of the numerator. '

Ce Add zeros to ihe right of the decimal

point as needed.
- 3
d, Place a decimal*point in the cuotient
. DIRACTLY over the decimal point in
the division bracket.

e. Carry the ouotient out as far as
‘ necessary.

Change %‘- to a decimal.

2

Go to page:

If your answer is:
2,0 . 16B
. o ’
1Y . 5 . « ¥ . AA
5.0 - < 18C

If ron aeading this paragraph, then you are not following directions.

From nt:re on, rou nust follow the directions given in each franme

\

e Yo A A

25

e g T

Vi RY Calc FUTLY, leturn to the frame above and follow

P 2

- . LY

tge directions

~iven there,




DTS e S e e Rt e S T TS 2T e = 1 ,

You have learned how to change a fraction to a decimal, so let's change

a decimal into a fraction. The FIRST thing to do is to make the digits
of the decimal the NUKMERATOR OF THE FRACTION. The denominator of the
fractionﬁwill have a one (1) followed by the same number of zeros as
there are digits in the decimal. For example, the decimal .27 becomes’
27 . . L
the fraction 100° Notice how the digits 27 become the numerator and
the dencminator begins with a 1 and two zeros follow. There were t¥>

digits in the decimal, thus there are two zeros in the denominator.

Change .7 to a fraction.

<

& : o
. If your answer is: . Go to page
A LB
100 - . , R
e . 16A
10 -
2 T 6B
L
2 —
‘ .
2 »
- '1: 3\:1




11A°
gl‘ine. As you hdye done on this problem, maxe sure that any fraction
you are w‘oi*kinn with is in its lowest terms. Change the following
aecimals to fractions. Remember, RI;JD}]CE each to .its lowest temms,
If you still‘are not certain of just how to change decimals to frac-
tions, go back to page 10 and rapidly review,

Change these to fractions:

Al

‘a, «7000=— .

b, 009~

Ce. 075-" /

d. 02——
.
. p .

Turn to oanse 12 for answers.

118

You neglected the decimal point. You must place decimal points
DIRECTLY UNLER EA@% OTHER. Tke sum will have the decimal point
carried right down into it from the column bein; added,< Return to

page 17A and do the problem again. Remember to put tie decimal'ﬁ‘?"’"

under eath other, EXAMPIE: 18.6
: ) .015
2056.11
+ 1,1
2075.825 N
/ = -
. ) .

23]

s e s g

s
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ANSWERS TO PAGE 11A: 'ao__'L_ be 9 Ce 3_ d. _]_-.
. ' 10 1000 . 4 5

Continue vour lesson in frame 19 beiow,

)

19. In many cases, a large. cumbersome decimal is not

necessary. In those cases where a smaller decimal
£ will do, you may ROUND OFF the decimal, To make

" a large degimal smaller and easier to use without

losing a great 'deal of accuracy, you will

the large decimal,

\ -

>

round off 20, lounding off involves THREE steps. The FIRST TWO

are:

a. Determine the PLACE you want to round off to,

(Tenths » hundredths, etc,)

b. look FIRST at the number (digit) DIRECTLY to
the right of that place.
Example: ,176

; To round to hundredths: First look at the
? number to the right of the hundredths place,

In this case, it is a 6,
(N

The FIRST nwsber that you will look at when
%

g rounding ,265 to TINTHS is .
. - Znumbers
3\
&
4
~
0 12 Coutinue to page 13

-

W
Q0

e AR




7\

6 21, You have the decimal ,2736L, and you want to
round it off to tenths, !hat number would you
look at first? (Circle your ch01ce )

a, 2 .
b. 7 :

3 € 3

d. 6

e, 4

7 22, The THIRD STEP is: .
If the number to the right of the place you are
rounding otf is 5 OR MORE, you ADD (+1) one-to
the place ‘and drop the remainder of numbers.

‘ <

For examplg: .1l76°

This decimal rounded to tenths becomes ,2

because the number to the right of the tenths

- place (7) is 5 or greater. ' Also note ilat the

7 and 6 were: &zj:ped

Round 0074 to the nearest HUNDREDB{ (Circle your
answer, )

a. .Ol .

b, .007
4

Ce o1

d, .08

.01 23. ‘hen the number to the richt is LESS THEN 5,

leaveythe place value as is and DROP THE REMAINDER
OF THE NUMBERS. “

-
-

Round the decimal ,7848 to hundredths,
(Circle your answer,)

(" aor 078 b, .79 Ce- 0785 d. 07800

~

13' . ‘Continue to page l4.

+

Co

33
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| .78 " |24, REMEMBER: - N

. : : a. FIRST, look at the number to the right of |

| the place you are rounding off, ) B
b, if the number is 5 or more, add 1 to the plage.
c. ‘If less then 5, do not add anything. i
d. Always drop the remainder of dirits to the

right of the rounded off place,
" Round these decimals to the inﬁicated places:

r

" Tenths: L0802

Hundredths: ..L08062

Thousandths: .Abseég\\ )

’ Ten Thousandths: 408062

Hundred Thousandths: 408062

~ ’ 4

b | 25, Round -off the following decimals:
oLll ’ . o -
L08 . I " To Hundredths: To Tenths: b
4081 . - . o ‘ :
./,0806 - 41,1145-=~ ' © W 6419~
S ‘
0985097— o ' ‘
P . < LE i
To Ten Thousandths: . e
: ]
029826
Ed b - /%
. 1.11181--
- S
c\ ‘ “
/ -
”» ' ' -
. ¢ ] 1 ©T Continue to page 15.




Hundredths
41,11
" 99

Tenths,
.6

Ten Thousandths
2983
1,1118

26..1f you are NOT having trouble with rounding off,

proceed to frame 27, If vou are and your trouble
is mainly knowing.tl'xc "pla.ces"-,. turn ';.c page 2,

~ frame 7, and review, If you do not understand
how to round off,, review or'raiée your hand for
agsistance,
When you have corrected your trouble, continue

e

to frame 27, .
#* NO RESPONSE REQUIRED, ¥

o

27, Round off each of the following decimals to
"the indicated place,

’ 14
~To the nearest tgnth: To the nearest hundredth:
A

a, ¥329-- e 410909--

b, o 05== d. 8.3434-~
To the nearest thousandth:

€, 02551"-

f. 5.9736--

.To the nearest ten thousandth: ° ' \\

~

. Be TJ7TTTL—

h., .000891-- .

———————————————

To the nearest hundred ti:ousandth:
S ) ,

i, +0980653-~

je 3.000051=-

A Y

Turn to pare 17A for answvers, .




q e
/

16A ‘ N : :
Very good. The next thing to remember is: Make sure the fraction

is in its lowest terms. For eiamplé, changing the decimal .5 to a
fraction, it first becomes %U Is this in the lowest temms possible?

, 1
Of course,the answer ig no. In its lowest terms,it would be 7 .

\\\ Always check the fraction and be sure it is in its lowest temrms.
4 '“,'
Try this one now. Change .,045 to a fractioen. ' C)&
' . 3
. If your answer is: . Go to page:
9 - 11A
200
L5 B '
1000
45 21B
e I 100 N
A - -
s ~/

16B , - -
.~ In order to change a fraction to a decimal, you divide the numerator

by the denomindtor. You did not do this. In the case of % , the |

denominator (2) is divided into the numerator (1) like this:

l
(] -

;- 2/1.0

- B .

10
1 : : ”
5 changed to a decimal is therefore .5 . ALL fractions are changed

to decimals in.the same manner,

Change % to a decimal, ' 4
. (
If your answer is: ) Go to page:
750 ‘ 6D

75 : LA




) 17 ANSWERS TO PAGE 15 FRAME 27:
Y- . " 2.3 be .l e W11 d. B34 e, .255. f.'5,97L
¢. 77778 h. L0009 i :09807 . 3.00005
You will now leam the last. four objectives-- How to ADD SUB’I’RACT

| MULTIPLY, AND DIVIDE decimads, Continue below.

Adding decimalsgds much the same as simple whole nunber addition.,
e difference is -that there is a declml pomt to keep in m:u?d’
N

The decimals are put in a column and declmal points are under decimal

points (see example). The decimal point is brought down EXAMPLE:

to Lthe sum and the addition is carried on just a5 it is in 6.3
’ e ® . ‘Ol
wholde nwaber addition. . 22,22
28.53

Add these decimals, 33.'(’9 +,97 + 2.2 =

Y

1f yohr answer is: . Go to page:
36.96 \ \ ' 19A
- . -~
3498 Yo, 11B

178

Wreng. The number to the right of the division sign is always the

‘ divisor, : :
o 064 + 3,2 (3.2 is the divisor, not ,064.)

Return to page 26 and select the correct answer. )




"18A : ’ '
Right, If you want to. review before you do the prol.lums below,
return to page 9, {«ame 18, read the rules,and then coue back and solve
- R ) ) '
the problems, If you think you are ready now, then clange each of the

‘

fractions below,to decimals. \

J

a, & . . T

5 ~ Ly
b, 52 . '
. 10 : L g
c. 9

11
& 13

10
Turn fo page 10 to check answers and countinye fro:: there. b

- . ‘ 2

18B

No., Move the decimal point in the dividend the same number of places
: G- . .
as you did jin the divisor, Examples 3,2/ ,06l, because 3\2'./&314.

Return to page 26 and select the correct answer. '>

18C " k/
You set up your problem incorrectly and had the decimal the
wrong place, This is what you should have set up for your division:

2/1.00 . Return to page 9, frame 18, and determine the correct answer,
A

Then turn to the correct answer page.

e e e



v

343

194 '
Right, The main thing to remember is to keep the decimal points i .

lined tip \under each other, Now let'!s subtract dec:un.a.ls. The rules

are the same as they are in the subtraction of whole numbers, Just
as in the addition of. decimals, the decimal points must be lined
up under each other, Ydu must also remember that the smaller of

the numbers must go under the larger, = °

Solve this problem: 729.75308 - .0077=

\ = Q £
If your answer is: Go to page:
729.75231 28 (.
/ 72974538 S 22 |
198 . AV’ oL

ANSWERS TO P&GE 2A: a, 66,42 b, .825 If your answers are not
correct, make the correctiong and comntinue below. '

Now let's divide decimals The mos€ important fa.ctor is.that the

divisor must be "made" a whole number ‘aefore division is started,
This is done by moving the decimal in the divisor all the way to the
right,

a

Ex: .25/ becomes (9:,5.'/ o« Then move the decimal in the

dividér;d the same number of places to the right, Ex: ,25/1.25

becomes E;./lé. love the decimal point ﬁ the following
\ . P

-—

division problem and solve., - '
303/ 066 ° .\

© -

. o Turn to page 24B.

L

19 o
385 P~




204
. Rignt. REMEMBER: The divisor is to the right of the division sign.

‘ Solye these problems and show your work . ;

2. 4.9 + .,007= b. 1179 + 13.1= ce  .02925 4 2.25=
WORK HERE - - o ) ;
a. v ‘ 4 b. . \ c.

\ M '

. Go to page 23B fof answers.”

20B » . - .
Remember when you were told that decimal points must £o undey decimdl
‘po:i:nts? Well, the error yor}madekwas because of the ﬁecimal pla.cemgnt.
A good way to remémbér the def:imal points is pu’t them on .the paper
First (;.n a column) and t_h_g_g put the numbers dowmn. Also remember
to put the deciral in the answer DIRECTLY under those in the colwm.

Go back to raze 19A and do the problem again, ‘ -

I«
< T , A ' ®
)

2QC

.Ho, DO NOT ADD.an extra zero on the right of any answer. If you need
‘zeros to make your digit count correct, they must go to the left of

1
the answers., For example: ,2 x ,002 will equal .0004, Mot .4000.

deturn to page 23A and select the correct answer,

4

¢

20.




e

e s 0 S

: b
: 5
214 N
. N o v
Your decimal point should ha.ve been placed lJ.ke this: s
o S
3 217 -
- - x !I 2! . .
3217 )
. - 22519 : - #
v . 1.515207
Ii‘ you had it any place else, return to page 22 and read the rules
aga:m. ) ,.
Ii‘_ you did it correctly, do° the follo'wir;g' problems by placing the
decimal points correctly in the product,
ae .0035 be 22,222
) X 2328 x oll
- 280 , ~ 122222
70 “o 22222
105 24402
.' / ‘?
Turn to page 234,
- 3 :
y b - |
- g AN
21B ‘ X N ’ '_ -
There are more than two digits in the decimal ,O45. Zero IS a digit. 1
Tha.t ma\es three digits in this decimal, You should use the same '
numoer of zergs as there are digits and make the denominator 1000,
Return to page 16A and select the correct answer. ®
N
A ) ;
. k ) Y
CL ’ 21 : =
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Right, Youfare now ready for multiplication. Decimals are multiplied

L
just as whole numbers ar\%,l except you have a dwl point to put in

the final answer (procduct . DIcsREGARD the decimal point in the first

two steps. QtA sample problem is broken into~steps to clarify the process,
» ‘ ) . . o : .

PROBLEHM: L,15 x 1,10 =

‘a, Place the la‘rgér number OVER the ‘smaller: Ex. 1.10 \

x .15.
o,

b, Multiply just as you do in whole numbers,  .Ex, 1.10

=~ . X olE e ’ - .
) . 550

. 110

. 1650
3 > s

s -
¢. Count the nwber of digits to the right of the dec:.mal points in
the factors of the problem. -Ex. 1.10 and .15 =4 digits to the
«right in this casey -

d. Cowtt off 4 places FROM "I}IE RIGHT in the P"OE‘ST and placejh
decimal points Ex. <1650, (product of this problem)

Another example: 3.1 x 10.21 ' (would be set up and solved like this):
T . :

.. 10,21 '
. : )

x 3.1
1021,

) . % .
‘ 31.651 product

(g

| ‘Place the DECIMAL POINT in the product of this problem:

3.217
X JAT71
. 3217 .
12868 ° ’
\151.520:? : -

L - B \

o ) ~ Turn to page 214,
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a R 347
. ) ; 4 _ g
7 | *
: , 234 v . | | L - ‘ | , ;
. ANSWERS TO_PAGE 21A: a._.OL1480_or .OL1AS8_ b, 2.4hii2 ~}F
Y |
Let's try another to make sure that you have the decimal point 1
.» ig
p;l.acement down pat. Solve this one: 55 x 003 =
- 'i
0 {
gy “ 7 ;
’ « If your answer is: Qo to page: 2
]
\ . 001650 4 ‘ 2OC !
< ;
‘ » N\
r—— A —
23B \/‘\J ;
e w ) .. . ’ N
s ANGWERS T0_PAGE 20A:_ 8 700 _ . 90 _ &._.Q13 )
Solve these problems: (SHOW ANSWERS,)
9 S e : o
Co 42 x 3.7 = C\lo uh°32 + 00036 =
WOHRK ON .SCRATCH PAPER, -
® : \ . A
4 S
Q £
' ., Turn to page 25,
B .23 .
i .3 .
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]

2AA

a ghod idea to CHECK your multiplication and addition,

mos
of the decirml point®
;’.;t'? try two more,
and decimal pl;cemght.

a, 332.1x ’.2 =

3

Very goéd. Care mpét be taken with your ‘arithmtic.
of the errors are made, with'a few being made on the placement

After completing them, check your arithmetic

4

N is always
This is where

o

b, 055 X l-:’s =

R

o / ) R »
TURN TO PAGE 19B.

-
-

kns 3.3/.65. becomes 33 /é—:i_ by moving the decimal pofht one pla.c.o‘.‘
Then the divisor IS a whole number and the dividend is a decima.l,
such as 33/3._1..,,- you do not move the decimal point. Simply place the
decimal poimt up in the quotient d:.rectly over the dec:.mal point in -
275/30 |

the dividend; then divide. For examp]e:

Solve this: 26/7.8

4 The answer to the problem. abave ’is: (Circle yéur answver, )
a. 3
b. .3 *
c. .03 -

L g

Tarn to page 26,

»




349,
T ANSWERS TO PACE 23B T ' )l ‘
- 4
a.  29.0ms0 b, 439280 N L
® . + .2222 2 a - .0286! T 1‘
289.996563 } | 36413 : )
ce W2 y. ’ d. 36/h3_2oo'. |
X 2.2 , §

“29, _ | 72

126

v

1.554 | . '

2

4
e g A S Ao AN

If you missedy‘a.ny of these problems, go to the part of the program

that teaches that type of problem and read the rules again. THEN

correct your error. The pages that teach each function are lzsted \;\.J‘-,
below, | ‘ S ;
 ADDITION (Page 174) | & o
o’ * ;
SUBTRACTION (Page 194) ’
- MULTIPLICATION ZPage 22) ,
DIVISION (Pa"ygcs~ 9B & 26) .
A - : »
This completes your lesson in decimals, rJork:mg partial numbers is -//
e easier ‘when you use decimals rather than fractions, so this lesson
is very important, \, ' K ‘
’ \
R R~ ----- e = ee ®® w an s e am > e
?
) . ~ k <
A Self-Test begins on page 27, - ,
\x\ -
o : 25 - :
: 5]
. 397




j . - A _‘03'5._0“

) o

¢ ¢ ’ B ‘
26/7.8 solved is: 26/_7—:'8L L ‘- ' ]
. If the dividend IS a who"l’e' number, Ex: 1.32/'2_5_._—. , add ée;os and move q
‘\‘ \.tk_x'e decimal ﬁoint. Ex: .1.32/5@ R When the decimal has beén moved v
as appropriate, theh place :?deéimal point in the quotient directly .
ow;'_er tht; point,:.n 'ﬁhe dividend, Ex: \%é@ and so;.ve.‘- o . '
, © .0k ’

NOTICE HOW THE QUOTIENT IS ,O4 AND NOT .4. THIS IS BECAUSE 25u GOES INTO
&

10 ZERO TIMES, AND-INTO 100 FOUR TIMES.

&t ' ] 3\

A .

Solve the problem below: Note: + is the sign for division J

) - and the number on the right o
i 064 + 3.2 @ ' - »is always the divisor. l
- . - a 4 N . . l

If jour answer is: L Go to pé.ge: ‘

3.2/73:6% - 1B &
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SRLF-TEST
DECIMALS

'.‘.-“E‘Ji*i,-_t,e,in jrour own words, the definition of a decimnal.

by =

h)

"V .

Match the numerical decimals in Column A with the appropriate

vord decimals in Column B, Place the letter from Column A in

‘the blank bne‘xt[ to the correct word ‘deciral in Column B,

.

A BN B

3?@1.014 : One hundred forty-six
N -0 . ’
379 Three hundred seventy-nine
. thousandths
1,46 -
Thirty and four hundredths

90,001 -
g Ninety-one thousands

Thz;ee hundred seventy-~nine
~ thousand

_____ One and forty-six hundredths
- Thirtgi-four hundredths
Ninety and orié théus;ndths
Wﬁ'te the nmneriéal i‘omiiénf the followiné worddeclma‘ls:
a. Nine and weventy-five hundredths __ o

b, Twelve aphl three tenths

c. Beven and one hundred twenty-three thousandths

d. ~STé$Ienty-three ten thousandths




!bo

5.

6,

. Ta

Change the fractiens below to decimals,

Ao = e, 3= }
10 L 4
b. % = do g = b .
Ch&ngé the decimals below to fractions, REDUCE T0 LOWEST TERMS.
Qe 25 = - | Cs o105 =
b, .9 = " de W35

Round off the following deeimals as directed,

NEAREST TENTH : NEAREST THOUSANDTIH:

Qo 063515 - * - C,

L0567 -

NEAREST HUNDREDTH : " NEAREST TLiN THOUSANDTH:

c. L0055 + 7,02 + 12,367 =

b.. ]~3 oBAé? - d. ) 1.69006 -
: \
Add the fo lloviing decimals:

g 9.37 + 15,756 + .76 ©

b, 69.333 + .12 + 111,1 =

28




8. Subtract the following decimals: ’ | ‘
Qe Boub i 2.96 = .
be +7068 - 077 =
Ce M&-?os - 093 =
9. Multiply tho following decimals:
ae 403 x 10,31 =
T
e ,
be W71 x 004 = | |
Ce l5lx 22 = > e
10, Divide the following decimals: )
ay .08 ¢ JOOL =
‘be 00344 + 3,44 =
Ce .Qh + 08 = Q &2
-END .
Answers to the Self-Test are found on page i in the
front of the text, .
'F_“
29. .
3 ' ATCINEPPARD are TEX. 74110
¢ e_ -
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Department of Medicine $6 3ALRI1630- 1 -ba—

School of Health Care Sciences - . . . Auaust 1973
Sheppard AFB, Texas ’ X
" CARDIOVASCULAR DRUGS
e ' Drug . Ugual Dose . VUses | _Toxicity (
pANOXIN, ™ Digitalizing doce: Conéeative heart fallure VPC's, A-V Conductiocn disturb.-
, dance
¢ DIGOXIN F;0-3.0 mg. orally  |control veatticular nausea, vomiting, yellow vision
1.0-2.0 mg, I.V. ~ |rate in atrial flutter and other CNS symptoms.
. fibrillation o
DiGITOXIN pigitalizing Same as digoxin but Same as digoxin;[toxtcity
1.0-200 mg. orally slower action and more prolonged,
Ve . . ’
. prolonged effect - ' . -
KYLOCAINE, TM 70-100 mg. 1.V, x 3; [Ventricular arrhythmias Seizures, A-V block
LIDOCAINE 1.0-4.0 mg/nin, o ’
7 eav. drtp. | ;
RONESTYL, TM [0.5 Cm. q 6h orally; HMtrial and ventricular Hypotension,gdiarrhea, intra~
» ' - _ ventricular conduction delay
JPROCAINE AMIDE [L00 mg. R rrhythmias. ventricular arrhythmiag, skin
(\ . ' _ " rash, systemic lupus
N : | . |erythematosis. J
"QUINIDINE 0.2-0.4 Gn q 4h Atrial and ventricular GI symptoms, tinnitus, fever
prally ) . ’ syncope, thrombocytopenia,
LOU mg. L.V, a 5 win, arrhythmias hypotension, intraventricular
. ' : : -~ leonduetiva dulay, ventriculsr
_ K 5. _ . - ) arrhythmias.
4UU  This SG supersedes SHO 3ALR91630, dated July 1972 Y,

| | T J ~ 401




 PANWARFIN, T

initially, 2-10 mg
delly o

Same as heparin. Contrpl
dose with prothrombin

.

jtime
—

2

IS R

% ,/ .
4
7° 2
e
EéECRIN, ™ -725-50 mg. L.V, Lcute pulmonary edema} otassium depletion; alkalosis;
HACRYNIC ACID [50-400 mg. orally [ongestive heart failure xcess diuresis; acute gout;
‘ divided doses B hrombocytopenia
¥
LASIX, TM 10-20 wg, I.V.; Seme as ethacrynic acid otassium depletion; 2lkalasis;
nrally . ' Y excess diuresis.
@noszmmn
| &
IGLUCAGON -12.5 mg. L.V, [Shock: . , Naugea
' Rcute heart failure
INE, T™ 50-200 mg./L; Bhock Use body's own catecholamines,
\MINOL give 2-3 cc./min o may need increasing dose;
. I.v. entricular arrhythmias;.
: - - By xcessive C8§60L- LaSPONse
~ ergiste 20-60 min. P
b - - P — . e e e - s e mees - o - . B PUNN — e 4
a «
LEVOPHED , TM 1-4 ampules (4-16 [Shock taneous necrogis (treat with
: g. Levophed base) egitine); reductidén of blood
"NOREPINEPHRINE [per liter, 20-30 olume; ventricular arrhythmias,
drops per min.
HYAMINE, TM 1000 mg./L; give .[Shock CNS stimulation.
1-3 cc/min. A}
OREPINEPHRINE -
, |5000-15000 units Decrease blood clotting Pleeding. Antidote: protamine
HEPAR IN 10,000-~20,000 endency, prevent thrombi ’
units subcutane- nd emboli; control dose sulfate or fresh blood.
ougly ith clotting time.
: -« < .
COUMADIN, TM 30-60 mg. 1n1tia1§y [Bleeding. Antidote: Vitamin K

(Mephyton, TM).

é::ﬁ . P




e
‘

.
<

!. "
. - <
~ © :
- — -
DILANTIN, TM y JArrhythmias due to digitalis Loca% thrombophlebitis®
- _ - ‘|toxicity. Prophylactically ,
DIPHENYLHYDANTOIN hslowiy over 5 min., prior to cardioversion. Respiratory Arrest,
: 100 mg q.1.d. orally
/ { d ’

)

INDERAL, TM &

PROPRANOLOL

10-50 tag. ¢ 6 h orally;
1-10 mg. q 4-6 h E.V.,

|given 1 wg./min.

Angina, atrial’ and

ventriéular‘hrrhythmias

Heart failure, shock

lagthma, A-V block

ISUPREL, T™

‘0.2‘91 .0 mg.'in 500 cc
\

|Bradycardia, 3° A-v -

Tachycardia, ventric-

Y

BICARBONATE, 5%

repeated every 5
of circulatoty
farrest.

L

1SOPROTERENOL 1.V, drip; 10 mg . .[Block. ular arrhythmias, <

lsublingual ' jnyocardial necrosis.
y ATROPINE 1.0.2;0 mg. L.V, Sinus bradycardia, A-V fay slow.ventricular
. | ate in 2° A-V.block,
_plbck laucoma, urinary
J etention, delerium,
fever,
EPINEPHRINE 1.0 mg. (L cc. of Jentricular fibrillation Lachycardia, ventric-
: ' bhen to response t% ular Arrhythmias

191000) 1.V. recordial shock -

'SODIUM 50 éc.einitially& Correction of acidosis -

ue to circuldtory
rrest or shock.

Local thrombophlebitis
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* .ASSIGNMEN'® SHEET .

v . §

’
a

This assignment sheet should be used when.

w L !

@ You are to complete only a part of this te:'ct'.,

@ Your assignment within this text is divided

a

into two or more rea.din_g*periods.
\

Your instructor will make assignments by identifying specific objectives, text
material, and review questions.

C o -
: ASSIGNMENTS
OBJECTIVES TEXT MATERIAL' | REVIEW QUESTIONS § ’
(by No) (by page and/or frame) | (by No)
LY f‘& 0




What is a GRAPH?

A GRAPH is a pictorial representation of the relat{iorvi‘s‘hip ‘

3 1.
. between two or more quantities, A pictorial representation
between \fwo or more quantities is a \ J .
02 " [_
. . . o
graph 2. }KBasicall'y, all graphs fall into two types: (‘a) those refpre-
. [
senting a LINEAR function and (b) those répresenting‘ja
NONLINEAR functio. A straight line is the graph of a
function.
\< N
linear K} A'curved line is the graph of a “
o function.
nonlinear . 4. The-sine wave is a gi'aph of a nonlinear function;’ it forms
a » line,
curved . 5. What is the dif'ferrence between the graph of a linear function
o | , »
and the graph of a nonlinear function?

Turn to Page 2 and continue.




. Page 2

THE ANSWER:

[S)

A linear graph is a STRAIGHT line; a nonl}ﬂéar graph is a curved line,
To grzr;ih Ohm's Law (I 'I‘Etl) bn the set of coondinate lines beluw, we tna.rk

»

voltage values on the horizontul ljpe (see b —=) and currcnt\g\lvues On the vertical

line (sce 1 t ). .Movlng’hurizontally, cach vertical line represeunts 10 volts,

Movinu vertically, cuch horizontal line represents 1 millidmp. By holding the
3
resistunce constant a givon value, we can find the resulting current,value for any.

applied voltage between 0 and 100v. Any pair of voltage and current values can be 0

represented by a point marked on the graph, (Exanple: 4 ma and 40 volts, ) ‘This
point is found by moving across the graph paper on the une re }rt-senlting 4 ma of
current, and up on the line representing 40 volts (see pt. A). Where the two lines
cross, mark the point. Repeat this procedure with other vnlues of E and I until you

%
havg marked several points. Then connect the points together with a line. This line

is the graph.

IOMA
, .
o SMA
6MA
I, 7]
4MA o—POINT A
Nz ‘ ) *
\ T 2MA
L]

20V 40V 6OV 8OV 00V

IAA\"’\

\

“Continue on page 3A

XUy 3

Q@

#



. \ R . ] * . lv
3 T . _— i Page 4. 3(0
3A | y ) o A "
M ’ Q - R N i *
Oy the set ol coordinate lines in Figure 3B, plot the values of currentand
’ L) ‘
voltage given in the table, Figure 3A. (This table was made using Ohm's Law with
. N
a constaft 10k N resistor, ) !" P
) » vd ’ - | ‘:' ' j
~ IOMA Gﬁ .
- de -E | T - .
F P A SMA .
» 100V IOMA ¢ b : q
sov 5 MA SMA 1 Z
20V |.  2MA
" ) 1oV | MA aMA -
Figure 3A. . - -
2MA i -
I3
Y o : . ‘ i
* 9% 20V 40V 60V 00V 100V 120V : -
Figure 3B. . '

After you lxa\;e plotted the_‘ 4 points, connect them to completé your graph.

£y

~What type of graph is this?

Linear. ~ Turn to page 4, ) /
. . ’ a /
s ¥ : Nonlinear. Turn tB page 5, ’
//’
3B ~ . ! ‘,
YOUR ANSWER: " Linear : T

(ﬁyonx p-4)

Friend, you'were a'little hasty; your answer is wrong.

We are using the power-formulg (ﬁ\s I2R) in this problem, Since the current is

squared, the graph cannot be a llnear one. Go back to page 4 and plot the points

éarrectly. If your graph is still a straight line, see your instructor for help.

R - A
v




Page 4 ‘ s - »
YOUR ANSWER: Linear 1O MA .
(From P-3A or P-5)
. . Right you are., For a . 8 MA
ick check 1 e your
quick check, compare you 6 NA
graph with Figure 4A. ’
Now, let's hold the 4 Ma
resistance constant, and see 2 MA
. L\V»,.— _ ,‘ ] i
' what happens to the power as o
. | the current is chaaged. On 20V 40v 6ov 8OV 100V
’ , : Figure 4A,
the set of coordinates in
Figure 4B, 'plot the pairs of
. . L
values listed in the table
N
below. (R = 5k )
B Ioow G 2 .
- ] P ' [
0 MA ow : sow
i1 MA SwW
‘2 H&»‘ ] 20w 6OW
3IMA | 45w '
AMA sow | 40w 2
., '
. 20w
- o .
- . " IMA  2MA 3MA SMA SMA 6MA
N o Figure 4B. ~
. . ; ’
After plotting the 5 points, connect them together to form a graph.
What type of graph is this? «
Linear, Turn to page 3B.
Nonlinear. Turn to page 6.
Q I 4 j. L




23
Page 5 a
. YOUR ANSWER. Nonlinear
(From P-3A)

You're wrong on this answer. Your graph should be a straight line. Let's go .

over the procedure a little slowéer and find the mistake.

. Here's the table again. Each pair of voltage and current values can be repre-

sented by a point on the graph.

IOMA

E I %
. L e ,
) Ioov . IOMA A y;
S0V . SMA N 7 R AN
20v | 2MA : 6 MA ; 7 y
; 1oV  IMA . 2N
AMA :
V4
1., . 4
2ma 24 ——
R v
o L1t

20V 40V 6OV 8OV 100V

Go up /the*vertical line representing 100v, and across the horizontal line

representing 10ma (this procedure is shown by arrows on the graph above). Where
) N .
the two lines meet, mark a point. Repeat this operation for each pair of values
) _
listed in the table; then connect the points together. " The resultant graph is a straight

1 line. Itisa , graph.
A linear/nonlinear '

~
A

i » | -
Continue at the top of page 4.
_ ; '

k4




Page 6

" YOUR ANSWER: Nonlinear
(From P-4)

You're right again,
However, check 'your graph
éga'mst this correct graph

to make sure we agree,

Let's talk about vectors.

100W

aow

60W

40W

20w

I

IMA 2MA 3MA 4MA SMA 6MA

1. A VECTOR can be defined as a straight line that indicates both

magnitudé and direction of a Quantity. The str:light line below has

a certain lefigth and is pointing in a certain direction,.

This lineisa

/

vector 2. A vector indicates both MAGNITUDE and DIRECTION of a quantity.

quantity.

‘4

The length of the line indicates the

of the

magnitude |3, The arrowhead indicates the

t

of the quantity.

direction 4. A vectorisa

line that indicates both

_~and

of a quantity.

straight
magnitude |,

" direction

Continue on page 7.

415




' . Page T %‘.012‘

. L ]
5. Define a vector.

THE ANSWER: A vector is a straight line that indicates both magnitude and
: direction of a quantity. '

Vectors must be used with a known referencé. ﬁy usin_g coordinate lines, such
as we used previously, we can establish a known reference for our 'vectorS. “Actually,
the graphs that we have constructed so far have been plotted on only 1/4th of a coordi-‘
nate system, as shown by the area filied in with grid lines in Figure TA. A complete
coordinate system consists of two perpendicular lines bthat ;:ross each otl;gr ata
point ca.l!ed the zero point. (Check Figure 7A..) Theég po.'mt is also called the
POINT OF ORIGIN. . All vectors we will use will start from this poiht. The horizon-
tal and vertical lix;e; that pass through this point of origin are known as the '"X" and

| 'Y AXES. Both the X and Y axes are divided at the zero point into positive and
negative values. The horizontal line is the X axis. All values to the RIGHT of the
zero point are POSI'I‘IVE( +); all values to the LEFT are NEGATIVE ( — ). The .
vertical line is the Y axis.- All values above the zero point are positive, while values
below are negative. Figure 7B shows the labeling of the two axe’; in the coordinate

- system.,
+Y +4
+3
\ + z
4+ +1 :
~4=-3-2=1 T4l +2 +3+4
- % - + X

N

POINT OF ORIGIN

-Y -4

Figure TA. _ _ ' _ Figure 7TB.

Continue on the top of page 8. / '

-
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Page 8 .
1. 'The horizontal line passing through the point of origin is
labeled the . o
! X axis 2. 'The values on the X axis to the RIGHT of the zero point

are { .

positive ( - )

N
are

3. The values on the X axis to the LEFT of the zerc point

.-

negative (— )

4, The vertical line passing through the zero point is labevled

the ‘ .

Y axis

5., Values or; the Y axis BELOW the zero point are

‘ negative ( —)

6. Values on the Y axis ABOVE the zero point are

e

positive ( +)

7. Label the X" and ""Y" axes and the polarity of each on the

following coordinate lines:

Turn to page 9 and continve. - 4 15



. N | ' Page 9
| Check youi' labeling with Figure 9A.

N By crossing the X an& Y axes at the

zero point, the entire coordinate

system is divided into 4 equal parts,

X T X called QUADRANTS. These quadrants

are numbered with Roman numerals,

beginning with the quadrant to the right

-— Y . . N * ” ]

) ' - of the Y axis and above the +X axis,

Figure 9A.° .
o ¢ The numerals increase in a counter -

“clockwise direction (See Figure 9B).
Vo ° /

ty Some graphs use only one quadrant,

i ! ' “while others use two, 'thrge,\_oxj a.Il ' _

four quadrants.

Q

=X +X

i ’ W { © © Vectors always start from the point

) ~of origin. Their angle, used to denote

-y C " vector direction, is measured

" Figure 9B. | ~ COUNTERCLOCKWISE starting from

&

the +X axis. Angles between 00 and
900 are in first quadrant (.I). Angles;
o between 900 and 1800 fall into the
second qtédrant (11). Thé third quad- .

rant (IT) includes angles between }800 -

arid 2709, The fourth and final quad-

‘rant (IV) completes the circle and

includes angles between 2700 and 360°

(see Figure 9C).

Figure 9C. No response requii'ed.‘

Continoe on the top of page 10,

415




~ Page 10 e — - — e

Lel's review. _ _ - )’Q\
. @ . :j
-1. Vectors start from the ' of .

‘ d ' -' o e _
point ‘2. To draw a vecfor correctly, the end of the veetor th\\l
origin gives direction must have an L drawn

on it.
4 arrowhcad 3. The angle which denotes th dircction ol the vector is .
measured from the axig-to the vector.
N U S SO
) r X 4, The number of degrees in the angle is measured
- )
_ from the » X axis,
(clockwise/counterclockwise) ' '
e e
counter - 5. A vegior having & direétion of 2209 is in the
clockwise e ;
" quadrant.
third or I ' 6. A vector having a direction of 1200 is in the
,  quadrant.
second or I 7. ' Label the 4 quadrants formed by the following
R o N 9
coordinate lines: )
+Y
P ol SR AN +X
™
-Y
. ,

" a
Continue on page 11, (
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magnityde

dircction

resuliant

&

10.

“Continue on page 12.

-and L

M . . v -
Vectors are straight lines that jndicate both
N ,

LB
© : _ L Page N -

_of a quantity.

— e -

A\

Two or mor¢ vectors can be added logether and beeome a
single vector, called the RhSULTANT vgctor.. I vectors,
;:I.l‘(.‘ parallel to cach o'ther.‘ thcy' can be added alirebraically.
For example, il you. have two vectors, o +3 and a 14, both
on the X axis, their sum +7iscalledthe __

vector,

e s e M e e ——— o —— e e i b e e e e

All vectors start from the point of origin. When Uicy are.on
the samc'axi,s, or are parallel to each other, the resultant
vector equals the ALGEBRAIC sum of the veetors. Graphi-

cally, the vectors look like this: Two vectors on the same

axis: Their resultant vector:
+Y '

+Y

-
L

The value of the resultant vector is _on the X axis.

-X +X/

q

The valiies of vectors pointing in' the SAME direction are
ADDED together to give the magnitude of the resultant
vector. The vilues of vectors pdinting in N OPPOSITE
dircétion are subtracted from each other to give the magni,- )

tude of the resultant vector. When subtracting, ‘the resultant

vector has the sign of the larger vector.
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No answer [ 12, . Two vectors on the same axis: The resultant vector:
required ' +Y
§ T =x - X
X ' .,
3y
The magnitude of the resultant vector is _on
o the X axis.
< —_ e
+2 13. Twy vectors on the same axis: The resultant vector:
) 4y }+y
‘ .
1 &b
-X 2 g3 +X - X
-y _Y
The magnitude of the resultant vector is on
. . i
the axis. Crs
+5 14. In electronic problems, you wi_ll: often solve for the
Y resﬁltant of three vectors. Two of The vectors will be on
the Y axis; the third vector on the X axis. For example,
’ to combine the 3 vectors below, .we first solve for the
/ resultant of the two vectors on the Y axis.
R +Y
/ h
-X +8 - + X
—4
. A
- Y g
f
The resuliant vector on the Y axis is .

" Continue on page 13.
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E
2
3

.2 ' ‘Next, we solve for the resultmxt oi‘ the x and v vectors, When

;

!
|
|
I

i
!
|
!
[
I

]
|

t
L

i

|

'

l
‘?\
!

|

i

l

‘cannot snnplv add the two vectors a.lgebrmcally, we must add them vectorlally Tg

add them, the vectors are drawn and solved as sides of an equn alent rvrht trlanqle. | .

T
. +Y

two vectors are at right angles (along the X and Y axes), we .

Before we do some actual vectorial addition, let's review a few facts about the right

triangle. "wure 13A shows a vector diagram and its equwalent right tna.nﬂle

vertical
side

Vector Diagram

A triangle has three sides.

to.the x vector (the vector drawn on the X Q{gis): Make a small x by the correct vector
in the vector diagram above. The Qertic‘:ﬂ side of the right triangle is equivalent

to the y vector (the vecto/r dra;wn on the Y axis).
vector in the vector diagram.above. ' The third side of the right‘triangle is the
longest side; it is opposite the 900 angle. This side is called the,HYPOTENUSEA
(pronounced hi pot'n gos). In a vector diagram, the r vector (the resultant _vector)l
is equivalent to the hypotenuse of the right tria.ngeie. Write the word, HYPQTﬁNUSE,
by the correct side of the right ,h:iangle. above; then, fnake a small r by thelg corvect 3

© vector in the vector diagram.

horizontal As ide

_ Right Triangle
Figure 13A.

The horizolntal side of the right triangle is equivalent

«

LN

Make a small y by the correct

Turn to page 14 and continue.

.
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_Page 14 RN o | - ’ : SR
‘. Did you label the right triangle and vector diagrafm' like the ones below ? . a |
/ * ’
+Y
Q; R C vertical
h . side
Y R
, W | X | ,
X ’ ' horizontal side
Vector Diagram " Right Triangle ' ' @\

L 1
| (Cover the answers)” 0
l . : . 1.  The vertical side of the right tria.ngle is equivalent to N
N - the ' vector.

y 2. The horizontal side of the right triangle is equivalent - l

to the ‘ vector, | ' ‘
, \.
X 3. The side of the right triangle opposite théTQOO angle is [
ca.lled)the e .
. hypotenuse 4. | The hypotenuse is equivalent to the vector. , - \,
\‘{ .
r (resultant) 5. In addition to having three sides, all triangles have three

ahgles. The sum of these three angles is always 180°, In

a rigtit triangle, since one angle is 909, the sum of -the

other two angles must equal

900 6. If one of these two a,ngies (other than the 90Q:angle)

equals 309, the third angle equads .

ey e e o —e
v

_ Continue on page 15, ~ |
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60Y . | An easy way to solve for both the sides and angles of a right triangle

is to uSe trigonometry. ' To the extent we use it, "trig", as it is sometimes called,

’ . is not complicated, © ‘ N .
+ Either of the twa "uﬂlﬁn_own angles in a right triangle can be found by (1) dividing
" one known side -by the other known side; thgn (2) looking up their quotient (answer)
ina Tabie of Naturil Functions. In this Table, angles (in degrees) are listed - e

3

opposite the Function values.
“ g . NOTE: For your convenience in solving trig problems, the last pa.gé of .
- this program has a Table of Natural Functions.. Take a quick ~ :
' glance at it now; then continue on this page. ' .
The angle that we use in solving trigonometry problems is the aingle formed
‘ by the hypotenuse and the horizontal side (see Fig\ire 15A). This angle is Theta

(pronounced thi”td). Its symﬁol is 8. The symbol LQ means "angle theta."”

. .
. - . R .
. r

i horizontal side
Figure 15A,

-

We will use three trigonometric functions in this program: the sine, the cosine,

and the tangent. These functions are abbreviated sin, cos, and tan respeéi:ively.
‘4




' equa_ls the opposite s;ide‘ divided by the hypotenuse.

As we said, one of the trig functions we use is the SINE
function. The sine function i$ the ratio of the opposite

vsi}i’e to the hypotenuse. This means that the sine 8’

A
side &'
opposite

6

-

Complete the following formula: sin 8 = o

sin O

= opp

hyp

. =3
The sine function is the ratio of the opposite side to the

hypotenuse. This ratio remains the same as long as

the angle does not cﬁange. Solve for the sin .8 in

\

each of the two triangles below.

~C NTHA=?}
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" Both

sin 9 = .500
Solution:
,sin @ = 2PP
. Ayp
sin 6y = 20
4D
sin 09 =-'_]_._5_
1)
sin 8;-= .5%
sin 89 = .5

3.

— : 7 v
To find the number of deg}'ees in the Le_ you must turn

_ to trig tables (Tahle of Natural Functxons) on the last’

page of the programn/ It shoWs that the sin © = .5000

/ _ ‘

NOTE: The sine functxon is Hever gréater than one

Now, go down tl)e first SIN cozlumn to . 5000 at the

~ bottom of thcybage. The size‘of the angle is found

opposite ?é . 5000 in the DEG§ column.
DEG ‘

: E)

. . s

29.0 ‘1;48-48 ‘

29.5 4924

30,0 - ;.5000 ’ i
When sin © = ,5000, [§ -—,’- ' .

&'4.

”. Another trig function we use is the COSINE function.

_The ¢osine function is the ratio of the adjacent side to

s

’ / the hypotenuse. Stated another véay, “the cosine 0

equals the~a'dj'acent side divided by the hypotenuse.

side a.djaéent to

-

Complete the following formula: Cos @ =

-

Comtinue on page 18.
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Page 18 o )

cos O %% ‘ 5.  The cosine function is the ratio of the adjacent side of
the hypotenuse. This ratio remains the same as long as
the aingle does not change. Solve for the cos @ in the »

following trianglé:

[

100 : 50

50 28
‘ , cos 8, = ' ‘cos By =

<4

cos 8, .500 6. To find  the number of degrees in lo, ﬁgain use the’ .

cos 99 .500 trig tables on the last page. We find that cos 8 =.5 |

(the cosine function is never gi'eater :than one), This
AN ;
time go down the column marked COS until the cosine

value is found. Opposite this—yalue, in the column marked|
"DEG, " you will find the number of degrees in .

e

When cos 6 =, 5000, & =

Continue on page 19.

TN et



-Page 19

: 609

SIN - cos

. 5150
. 5075

. 8572
. 8616

7.

The third trié function we use is the TANGENT
function. The tangent function is the ratio of the
“»opposite side to the adjacent s_ide; Stated ’
another way, the tangent © equals the opposite

side divided by the adjacent side.

R
side
opposite

[Q‘a

side adjacent to L@_

Complete the following formula: tan @ =

- tan @

= opp

adj

The tangent function is the rati».of the _cppb‘éite
side to the adjacent side. This ratio also does
not change as long ‘as the anile does not change.

Solve for the tan O in the following triangle:

+

~ Continue on page 20,
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Page 20 A B : ' e -

tan 6; = 1.000 N ' 9. To find the number of egrees in ﬁ)_,_
‘tan 62 = 1,000 . turn again to the trig tables, Tan 6

T is 1.000.  (NOTE: An angle less than

450 always has a tangent functidn iess

than 1; an angle greater than 459 always
has a tangent fuﬂction greater than 1.) .
: \ : ' This time go down the column marked TAN|
| until the tangent value is found. Opposite -
. | - this value, in the column marked "DEG, " |
you will find the number of degrees in /6,

- When tan /8 =1.000, (8 = )

450 10.  Trying to memorize formulas such as the
Solution: ‘ trig functions can be difficult. 'Hdwever, , A
DEG SIN COS ‘Tan | you are required to know them. As a ‘
4.0 .6947 .7193 .9657 | memory "crutch, " here is a little saying
44.5 .7009 .7133 . 9827 o .
45.0 .7071 .7133 1.000 _ that you may use to help you remember.

them:

"Oscar Had A Heap Of Apples"

Take the under- |[(Opposite) 0= 0
ined capital 1 (Hypotenuse) H

lined capital gt- (Adjacent) A P

(Hypotenuse)H

(Opposite) 0=___ 6

them vertically as|(Adjacent) A

Figure 20A

ters, and group

\ in Fig. 20A. Each

ratio is equal to a trig function. The functions are listed in the order

in which you learned them, Compléte Fig 20A by writing the correct
function in each blank,

Continue on page 21, _ o
' |

|

|
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— o ——— Sy

Figure 20A

11. Remember:

0 - sin § "Oscar Had A Heap Of Apples”
H
' . . Complete these formulas:
A cos O
H Sin 0 =
ﬁ) A 3
0 = tan 0° Cos 0 =
A
. Tan 8 =
sin 8 = 0 12. As we previously mentioned, we substitute veétors
- H
o for the sides in a right triangle. For example:
cos 6 = A
T +Y
VERTICAL '
_ , ’ r
tan @ = % (SIDEOPP. Y 4
/e |
| 0 x
) X
(side adj. /90)
Right Triangle Vector Diagram
The angle 0 in a right triangle is formed by the
horizontal side and the hypotenuse. When vectors
are used as sides, the angle 8 is formed by the
K vector and the ‘ vector.
X 13. The side opposite [0 in a triangle is represented by
T the vector,
y 14. The adjacent side of [0 in the triangle is represented
by thel vector.
X 15. In a right triangle having vectors for the sides, the

hypotenuse represents the vector.

Continue on page 22.




sin, cos, tan

Page 22 )
r or 16. Each time you work a trig probtem, remember
resultant , .
the saying:
"__scar__ad____ eap__f__ pples”
' =
Complete these formulas: o
9 =0
H,
- 0 . ﬁ
H
e =20
, A
0, H. A’ H, 17. When working trig problems in this program, we
.0, Al Nk want you to round off all numbers to 3 figures, and

a

find angles to the nearest 1/20,

On the vector diagram below,' we are given the

values for the y ve_ctor‘and the r vector. How many

degrees are in [_9_? (Inéert answer in blank below, )

~ Hint: When the opposite side and the hypotenuse are \

given, we use the sine function.

+Y

2%

Use function formula: sin 8 0 or y
H r
Substitute in values:  sin 0 =
Solve problem: sin 8 =
Use trig tables: & =
¥

Céntinue on page 23.

425
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Page 23
sin 8 = 25 18. This time, .we are given values for the x vector
: and the r vector, and are asked to solve for LQ.
- sin 8 = .5 _ _
[,5 L When the adjacent side and the hypotenuse are given,
. 8 - 300 ‘ _
) we use the COSINE function. ‘
. Solve for /0: (Remember, find angles to tfie nearest
- 1/29,)
h X +Y
<
100
6 +x
94 o ;
\‘q
' Use function formula:  cos 8 = X or A
. r H
& N
Substitute in values: cos O =
Solve problem: cos 8 =
Use trig tables: ‘_ 8 =
> . y . B - . - ) % .
cos 8= 94 | -19.  Write the three commonly used trig functions and
00 : : - .
the formula for each:
cos 0 : ,94
0 =
[e = 200
r— e =
e _ [

Continue on page 24.

Q | '."v - T 430
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Page 24

sin 8 = opp 20,
hyp

cos 8 = adj s
hyp

tan 8 = o
ad)

On the vector diagram below, we are given values
for the y vector and the x vector and asked to solve

for /8, When the opposite side and the adjacent sidw

NOTE:

are treated in the same manner. as ,v,ectorﬂ :

~ are given, we use the TANGENT function.

These vectors are in the IV quadrant and

273

in the first quadrant. In both quadrants,
- the angle 0 is the angle between the x
" 843 +X . o
9 N vector and the r vector, and the y vector -
| s3.7 “is thie opposite side.
y Solve for & ‘ ‘
- _ .
Use function formula: tan 0=y
X
Substitute in values: tan 0 =
A _ Sdlvé_problem; tan 8 =
&
Use trig tables;: [0
tan 0 = 53.7 21, Solve for [8. Which function formula do we use?
8 ;. 3 I3 1 - :
tan 8 = ,637
[8 = 32,59
r

Continue on page 25.




Pa.ge 25

sin @.=

"<

B = 65.5°

22 So fa.r, we have solved for the angle 6 by knowing 2
sides and using the 3 trig functions. As you will find,
it is just as easy to solve for the unknown sides of a
ﬁght triangle when the angle 6 -and one side.are known
};Iere is tI(xe procgdure to iollcéw:. | |
1. Look the prot-:lem over to see what is given and

- whit you are asked td_fmd.-

2. Choose the function formqla’ (sin, cos, or tan

- formula) that uses both the given values and the

unknown value ydu are asked to find.

- 3. Transpose the formula so‘ the unknown value can
_ be found., ) N

!

Using the trig tables, solve for the unknown value.

ol

No response
required

L

23.

To solve for r, when the [8 and y vector are given,
we would use the function formula:

sin9=_z_
r

Transpose forr: r =

Continue on page 26,

L
4 (3 &y
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Page 26
r= .y 24, What is the value of r? o
sin @ ' § '
e : Use formula: sin 8 y
: +Y ..
. ¢ .
rsp Transposed formula: r= vy
40 . o Substitute in v;i.lues- r= .siixa
30 +X T '
» - : sin 30
. Use trig tables: {f = 40
) L] 5

r=

r = 80 25. Solve for [8. Which function formula do we use?
+Y ’
Paannnll
8
0 +X !
28
e -
cos .8 = x 26. To solve for r when the [8 and the x vector are given,
r
use the function formula: cos 8 = x
ls - 60° T
ég .
Transpose formula: r =
r = x 27. Solve for the r vector,
cos ‘ , ~
+Y Use formula: cos 8 =x
r
Transposed formula: r = x
r ' cos
Substitute in values: r =
24.5°  +X .
Use trig tables:  r = ‘
& Solve for r: <
r = 200 — —~ — —- — — ~Turn to page 28.
\ r = 7.43 —————— Turn to page 29,
/ E]

3%¢
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, | Figure 27A.  '°{,
We have not assigned a magnitude te the y vectqr plotted on the graph in

20| 30|60 {90 |120] 150} 18g 210| 240 270300330 360
40 SEEEE ' '

!
I
RS i :
80 - 11 I ©
100 -

] e . .o : s -
*Flgure 27B. Figure 27C.

Compare positions D , @ ,' and®) of the rotating vector in Fig.
27Bwithpoints @ , @ , and (@ on the corresponding sine wave in Fig.27C

Notice that the angle used for trig solutions is always less than 90°, and that
this angle is formed by the X axis (x vector) and the rotating vector.

Point No. 1 at 450 me?.sur’é_s appx:bximately = 71 volts. & (

Point No. 2 at 1500 (sin 300) measures = 50 volts.

Point No. 3 at 2859 (sin 750) measures approximately - 97 volts. You
would get these same values by solving for "y" using trigonometry.

" You have complefed the program on '"Generation of a Sine Wave'’. Look at
the objectives o the front page again, to ensure that you understand them,

P

. Then check with your instructor.;
A
\ 4

434




. 1
. % page 28 '
-. YOUR ANSWER: r = 200 ’ ) ‘.
(from P-26 and P-29) .
Right you are. Continue with frame 28.
N 28. Solve for /8. Which function formula do we use?
' | +X )
~, ’ 6 ,
/ -
- 40.1
-Y ' lo =
' tan O = y 29. To solve for x when the /8 and the r vector are given,
1 X ] : .
le. = 76.00 use the function formula: cos 6 = x
. \7r‘
The transposed formula is: x =
X =cos B +r | 30. Solve 'forr the x vector,
/ ' ' The fundtion formula to use is:
® o | ' cos 8 = x
r
Transposed formula: X =cos @ « r
+Y -
+X
- - .
.'. ﬁ
' :ﬂ _ X =
' 3
Turn to page 30 and continue., : ’ ' ‘ ‘/
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g Page 29

YOUR ANSWER: r = 7.43
(From P-26) .

Dc;n't turn back for the other answer! You-are wrong. | Lét's see why.

Here's the problem again. Solve for the r vector.
+Y

‘ . - ) Use function formtla: cos 0= x
. _ . T
. R - ‘ . -
1245 4y Transposed formula: r co: -
o "'Substitute in valt : 182
' . e ues: r =
cos 24. 50

-

Now, the cos 24/50 IS NOT the same as the &50. The cos 24.50 is a |
decimal value foung'fn the trig tables. , ‘ . y

For each angle of 9, there are 3 function values: sin, cds, and tan Thé |
value you use depends on the function formula you are solving. ‘

. Let's try three quick problems. (Cover the answers in the margin. )

, 1. sin 24.59 =
4147 or .415 | 2. tan24.50 = .
. . /
’ » : :
.4557 or .456 | 3. cos 24.50 = = P

—,

.9100 or .910 4.  Complete the original problem.

r- s < *

Turn to page 28 for your answer and continue,

»436 & =

R 245




' Page 30

Yar

X =76,6

“to use;

'Y

These you must know: -

sin_©

cos O

tan 0

opp

“hyp

adj
hyp

ady

=]

[=]
e}

=]

g}
»io m» me

-

or

_or’

or

-

‘At this point in the program, you may have become confused

by all the formulas.” There are actually only 3 function formulas

"

"

P
x

Don't try to memorize all the variations of the formulas. As can be seen, there

are only 4 values used in the formulas: /

(8;

Every function formula involves the [0

value that we want to find.

equation. Then we are read}z to solve fot the unknown value. N

is the one to use.

/

opposite side, adjacent side, and hypotenuse.
on - . :

‘adjacent side

d 2 of the 3 sides. / Now, which is

»

the correct formula to use in solvmg a given problem?

I d
9

We choose the function formula that u7 s the given values and the unknown

/ -

We tra.nspose flus formuia so the un]mowxf value-is by 1tse1f on one side of the

””””

If you aren’t sure how to choose g/he correct function formula, con51der tlns“'*
F1rst determme which side yod are NOT interested in; namely, the side
wmch is not given and which you are not asked to find,

Now, ignore the two formula,é that contain this side. The remaining formula

Transpbse this formula and solve as before.

—— ,
r

'

Continue on page 31, frame 31.
/

e e - — -
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il e e _ _Page31
- 31..Solve for "¢ (round ot‘f to 3 figures).
/ H : -
;’ Which function formula do we use?
i
+y : / i
N f; |
23| r
‘ . -‘,I . @
(2] ‘,!r ¢ i
R ._':0 . ; ,L r -
. ' . ;‘ ' T
e e e mae — s ' ;’l S -
sin 0 - y 32. To solve for x Wﬁth & and the y vector gi%an, function
r ! _
formula is: /
r - 30.0 j tan 0 =y
! by
. / ‘ | X
The transpose/d formula: x = @
N = ‘/}
x _y 33. Solve for the'x vector.
tan © ] » v
! ‘Use the function formula: tan 6 = y
+Y / ‘ - . x
i Transposed formula: x = vy
/ ’ " tan @
4
80.8 L~ . '
122 ax )
‘ X
?
/ x =
x . 200 '
R Function formula:

«-




.. Page 32
cos 6 X 35. To solve for y when the /8 and Lhe r vector qre given,
r
use the function formula: sin 8 y
r 200 » r
: The transposed formula is: v L )
e e : .
y sin 6 ¢« r 36. Solve for the "y" vector.
Use the fynction formula: sin 8 y_
+y | r
Transposed formula: vy sin® . r
5
. Y
3° +X
Yoo
- - -~ -—— —— i — 1—-« =N e s e e - A teme m—— ———— - —
, :
'y = 25.8 37. Solve for "x."
Function formula:
- mo
X
X
N _
cos O 5_67 _ 38. To solve for the "y" vector when @ and the x vector
T .
are given. use the function formula:
X 28.2 .
tan 8 y
X
oo A The transposed formula is: y _




y

39. Solve for the "y'" vector.

Page 33 % }
Function formula: tan 6 v

+Y

tan 0 x:

Transposced formula: y

Solve for the x ilector.

9

40.

_ Function formuia:

41, Solve for the y vector.

‘Function formula:

/

Continue on page 34.

g——




Page 34

sin 6 ¥ 42, Solve for the y vector,
T
_ Function formula:
v 23.0 '
+ 20 4 X
| ¥
3 Y
o
=Y
: y=
| .
) ! tan 8 =y The trig functions are used to solve for unknown values
i X ’ :
‘ in right triangles., Given any two sides, [0 can be
y = 14,0
found. Given @ and any one side, the other two sides

can be found.

We will now show you how to draw the graph of a sine function, commonly
called a sine curve, or a sine wave. When a resultant veetor is rotated COUNTER-
CLOCKWISE from 0° thrc;ugh 3600 (4 quadrants), the opposite side (y vector)

{ increases from zero to maximum positive magnitude in the first quadrant;
decreases from maximum positive magnitude to zero in the second quadrant;
increasesvfo maximum negative magnitude in the third quadrant; and, finally,
decreases back to 0 magnitude in the fourth quadrant. This variation in the y
véctor can easily be seen by plotting the magnitudes of the y vector above or

below the X axis for each-dégree of rotation of the resultant vector,

.

Continue on page 35.

IToxt Provided by ERI

ERIC—— - -




Page 35
Figures 35A and 35B are sets of coordinate lines, Figure 35A shows the

four gquadrants and a rotating vector, and Figure 35B shows an X axis marked-off
in degrees. Now, on Figure 35A, notice the varying magnitude (height) of the
arrowhead above the X axis. This height represents the magnitude of the y vector.

For each 159 rotation of the resultant vector in a counterclockwise direction, plot

a point above or below the corresponding degrees on the X axis of Figure 35B. We i

have already plotted the first 4 points. You are to plot the other points through one

complete cycle (0° through 360-:-))7; then connect them together to form a curve.

: o

r igure 35A. Figure 35B.
This curve is a sine wave; it represents the change in magnitude of the

| sine function during one complete cycle.

Turn back to page 27 and compare your sine wave against the sine wave on

that page.




. Page 36
TABLE OF NATURAL FUNCTIONS
: b

DEG. SIN. COS. TAN. DEG SIN. COS. TAN.
.5 .0087 1,0000 . 0087 23.0 | .3907  .9205 . 4245
1.0 . 0175 .9998 . 0175 23.5 . 3987 L9171 .4348
1.5 . 0262 . 9997 . 0262 24,0 . 4067 .9135 . 4452
2.0 . 0349 . 9994 . 0349 24.5 . 4147 .9100 . 4557
2.5 . 0436 . 9990 . 0437 25.0 .4226 .9063 . 4663
3.0 . 0523 .9986 . 0524 25.5 . 4305 .9026 L4770
3.5 . 0610 .9981 © . 0612 26.0 . 4384 . 8988 .4877
4.0 . 0698 . 9976 . 0699 26.5 . 4462 . 8949 4986
4,5 . 0785 .9969 . 0787 27.0 .4540 .8910 -/ .5095
5.0 . 0872 . 9962 . 0875. 27.5 .4617 .8870 | -.5206
5.5 . 0958 .9959 . 0963 28.0 .4695 . 8829 .5317
6.0 .1045 ™, 9945 . 1051 28.5 L4772 .8788 .5430
6.5 .1132 .9936 . 1139 29.0 .4848 . 8746 .5543
7.0 .1219 .9925 .122& 29.5 .4924 . 8704 . 5658
7.5 .1305 .9914 L1317 30.0 .5000 8660 .5774
8.0 . 1392 .9903 . 1405 30.5 [ .5075 . 8616 . 5890
8.5 . 1478 .9890 . 1495 31.0 .5150 .8572 . 6009
9.0 .1564 .9877 . 1584 31.5 .5225 .8526 .6128
9.5 . 1650 .9863 .1673 32.0 .5299 . 8480 .6249
10.0 .1736 .9848 .1763 32.5 .5373 . 8434 .6371
10.5 . 1822 .9833 . 1853 33.0 .5446 .8387 .6494
11,0 .1908 .9816  .1944 33.5 . 5519 .8339 - .6619
11.5 . 1994 . 9799 . 2035 34.0 .5592 . 8290 . 6745
12.0 . 2079 .9781 . 2126 34.5 . 5664 .8241 .6873
12.5 .2164 .9763 .2217 35.0 .5736 .8192 . 7002
13.0 . 2250 .9744 . 2309 35.5 5807 . 8141 . 7133
13.5 .2334 .9724 . 2401 36.0 .5878 . 8090 . 7265
14.0 . 2419 .9703 . 2493 36.5 .5948 . 8039 . 7400
14.5 . 2504 .9681 . 2586 37.0 .6018 .7986 .7536
15.0 . 2588 .9659 . 2679 37.5 . 6088 .7934 .7673
15.5 . 2672 .9636  .2773 38.0 . 6157 . 7880 .7813
16.0 . 2756 .9613 . 2867. 38.5 . 6225 .71826 .7954
16.5 . 2840 .9588 . 2962 39.0 .6293 L1171 . 8098
17.0 . 2924 .9563 . 3057 39.5 .6361 .7716 .8243
17.5 .3007 .9537 .3153 40.0 | ..6428 . 7660 .8391
18.0 . 3090 .9511 .3249 40.5 . 6494 . 1604 . 8541
18.5 .3173 .9483 . 3346 41.0 . 6561 . 71547 .8693
19.0 . 3256 .9455 . 3443 41.5 . 6626 . 7490 . 8847
19.5 . 3338, .9426 .3541 42.0 .6691  .7431 .9004
20.0 .3420 . .9397 . 3640 42.5 .6756 .7373 .9163
20.5 . 3502 . 9367 . 3739 43.0 . 6820 .1314 .9325
21,0 . 3584 .9336 . 3839 43.5 . 6884 . 7254 .9490
21.5 .3665 .9304 .3939 44.0 . 6947 .7193 .9657
22.0 . 3746 .9272 . 4040 44.5 .'7009 .7133 .98217
22.5 . 3827 .9239 .4142 45.0 .7071 .7071  1,0000
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TABLE OF NATURAL FUNCTIONS

DEG. SIN. COs. TAN. DEG. SIN. "COS. TAN.

45.5 .7133 .7009 1,0176 68.0 .9272 .3746 2.4751
46.0 | .7193 . 6947 1.0355 68.5 | .9304 . 3665 2.5386
46,5 . 1254 . 6884 1.0538 69.0 | .9336 .3584 2. 6051
47.0 .13Y4 . 6820 1.0724. 69.5 | .9367 .3502 2. 6746
41.5 .1373 . 6756 1.0913 70.0 | .9397 . 3420 2.7475
48.0 .7431 . 6691 1.1106 0.5 .042¢  .3338 2.8239
48.5 . 7490 . 6626 1.1303 71.0 | .9455 - .3256 2.9042
49.0 | .75417 . 6561 1.1504 71.5 | .9483 .3173 2.9887
49.5 | .7604 . 6494 1.1708 72.0 } .9511 .3090 3.07717
50,0 | .7660 . 6428 1.1918 72.5 | .9537 .3007 3.1716
50.5 L7116 .6361  1.2131 73.0 | .9563 . 2924 3.2709
51.0 L1771 . 6293 1.2349 73.5 .9588 .2840 - 3.3759
51.5 .1826 . 6225 1.2572 74,0 { .9613 . 2756 3.4874
52,0 .71880 . 6157 1.2799 74.5 | .9636 . 2672 3. 6059
52.5 .7934 . 6088 1.3032 75.0 | .9659 . 2588 3.7321
53.0 .7986 . 6018 1.3270 7.5 L9681 . 2504 3.8667
53.5 . 8039 . 5948 1.3514 76,0 | .9703 . 2419 4.0108
54,0 . 8090 . 5878 1.3764 76.5 | .9724 .2334 4,1653
54.5 .8141 . 5807 1.4019 77.0 | .9744 . 2250 4,3315
55.0 | - .8192 .5736 1.4281 7.5 | .9763 .2164 4,5107
55.5 . 8241 . 5664 1.4550 78.0 | .9781 .2079 °  4.7046
56.0 .8290 . 5592 1.4826 78.5 | .9799 L1994 4,9152
56.5 . 8339 .5519  -1.5108 79.0 | .9816 . 1908 5.1446
57.0 | .8387 ,.5446 1. 5399 79.5 | .9833  .1822 5.3955
57.5 .8434 .5373 1.5697 80.0 | .9848 .1736 5.6713
58. 0 . 8480 .5299 1. 6003 ' §0.5 | . —. 1650 .
58.5 |' .8526 . 5225 1.6319 81.0 | .9877 .1564 6.3138
59. 0 .8572 . 5150 1.6643 < 81.5 .9890 .1478 6.6912
59.5 .8616 .5075 1.6977 82.0 .9903 .1392 7.1154
60.0 . 8660 . 5000 1.7321 0 82.5 | .9914 1305 7.5958
60.5 . 8704 4924 1.7675 83.0°| .9925  .1219 8.1443
61.0 §i.8746 .4848 1.8040 83.5 | .9936 . 1132 8.7769
61.5 . 8788 L4772 1.8418 84.0 .9945 .1045 9. 5144
62.0 | .8829 . 4695 1.8807 84.5 | .9954 .0058  10.39
62.5 . 8870 L4617 1.9210 85.0 ] .9962 .0872  11.43
63.0 | .8910 . 4540 1.9626 85.5 1~ .0060  .0785 12.71
63.5 . 8949 L4462  2.0057 86.0 | .9976 .0698  14.30
64.0 | .8988 .4384 2.0503 86.5| .9981 .0610 16.35
64.5 .9026 .4305 2.0965 87.0 ]| .9986 .0523 19.08
65.0 .9063 . 4226 2.1445 | 87.5 | .9990 .0436  22.90

. .9100 . 4147 2.1943 | 88.0 | .9994 .0349 28.64
66.0- ] .9135 .4067 2.2460 88.5] .9997 .0262 38.19
66.5 .9171 .3987 2.2998 89.0] .9998 L0175 57.29
67.0 | .9205  .3907  2.3559 (89.5{ 1.0000  .0087 114.6
67.5 .9239 . 3827 2.4142 90.0 | 1.0000 . 0000 INF. .
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REVIEW TEST ~

State, in writing, the dﬂference between the graph of a linear function and the
graph of nox\hnear function.

"On the following line graph, plot the values of c;n'rent_ and power given in the

chart; then, connect the points to show the<appropriate graph.

} 1oow
t sow
] e 7
OMA_ ow sow
1 MA | 10 W ‘
1.5MA/ [22.5w " sow | :
2MA " |, e0 W
2.5MA le2s w 20w
3NA 90 W -
\ &
0
oMa 08

IMA 1S 2MA 235 3MA

© Write the definition of a vector:

¥’
[

Label the "X" and "Y' axes and the polarity of each axis on the following
coordinate lines:

On the preceding coordinate lines, la.bel the 4 quadrants formed by the

axes.

«

~
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List the 3 most commonly used trxgonometric functions and the formula.to

solve for each function. 3
a. , 0=
3
b 0 = @
: &
Q.
(-]
c. : 0 = adjacent

Using trigonometry, solve the following problems for/the unknown vectors
and angles as required. (Keep the numbers rounded/off to 3 flgures; solve
angles to nearest 1/29.) (Show your work on this_paper. )

+Y 3

20 |25 /0 . | [6 -

+X

+Y

3 ) . Ra_

150 4X

00

Z

145 - -
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10. :
: oy .
0
r r
100
27 +X
11.
150 +X
45
[ ]
r
-y
~Y
12.
+Y
Q r A3
X
60
+X
X
13.
X +X
50 30
X
Y
C

%
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&

16. At each 157 of rotation, take the amplitude of the sine function from the
’ rotating vector graph and plot it on the graph with the "X" axis marked off

in degrees; then, draw a sine wave by connecting the plotted points.

e | 7

-

\.‘/—

N

D ' L 4

ATC-SHEPPARD AFS TEX. 72-9010

S B




PROGRAMMED TEXT 3ALR91630-I-%

Department of Medicine
School of Health Care Sciences

Technical Training
/

! -

CARDIOPULMONARY LABORATORY SPECIALIST

"BASIC MATHEMATICS =

SHEPPARD AIR FORCE BASE

tend

6riginal Material Prepared
by .
Naval Air Technical Training Command
(2TPT-5 1;—08)

s
Designed Fos ATC Course Use

. DO NOT USE ON THE JOB

445




1. A graph is a pictorial représcmation of related numerical facts,

ANSWERS TO REVIEW TEST

5 New_Half-ton
trucks
10 Statlon
‘. wagons

15 -1965 Half-

ton Trucks
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i 1 i 1
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ASSIGNMENT SHEET

This asz-l.gﬁmenl sheet should be used when:

You are to complete only a part of this text.

“q
@

Your assignment within this text is divided inte lWO or more

reading periods,

-

~

, Your instructor will make -msngnments by identifying specmc objectives,
text material, and review questions,

'
o
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OBJECTIVES

(by No.)
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a .

OBJECTIVES:
@ Write the definition of a graph.

. Construct a circle graph from a gi-veh pi-oblem.
» (3 out of 4 computations must be correct, )
@ cConstructa bar graph from a given problem,
(4 parts out of 5 must be correct, )

, ; :
. Identify from-a given list the definitions of horizontal axis
, origin, and resultant, as they apply to line graphs,
{3 out of 4 must be correct.) '

. vertical axis, point of

~

»

Y

@ Construct a line graph from a given problem. (3 out of the 3 computations must
be correct. (The related coordinates and the resultant must alsce be drawn.)

’:3/.,-
L
9
Turn to page 1 and commence the program.
T ‘ B ¢
‘ .
L
,
-
.
.
I
.
A}
"n
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’
-
w -
\
4
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o 1. The definition of a graph is: A PICTORIAL REPRESE.N- 40 ¢
| TATION OF RELATED NUMERICAL FACTS, |
In any sentence or statement referrihg to the use of
graphs‘, you would autovma,tically know the definition

of the term graphs is:

A pictorial repre- 2. In simpler terms, a graph shows us a picture of cer~"
sentation of re- ‘ :
lated numerical tain RELATED numerical facts. par GRAPH
facts. . P
Example: RAINFALL 5.
I 4
INCHES ; 37
) W -
. b 07N FEB WAR APR

The above shows us that the first 4 months of the year
had.a certain amount of rainfall, These are related
facts in that they all pertain to a specific year and .

concern rainfall.

As we have therefore said: A graph is a pictorial

representation of numerical facts,

related 3. A graph Aalways gives us a picture of related
numerical facts; we can see the comparison of one
numerical fact to another.

Example: - /- \ CIRCLE '
23 28
GRAPH -

- 28 28

The above shows us fhat a group of 100 people were
divided into four equal parts of 25 persons each.

A : It gives us a picture of related facts, .

’,

—




numerical

A graph is a pictorial representation of related

numerical facts, Remember, RELATED humerical

facts. We can't show a relationship between the ocean
and the moon, The facts must be related, such as having|
a total of 100 people divided into four groups. A graph,

therefore, is a pictorial representation of

related numeri-
cal facts,

In your own words, write the definition of a grép.h.

A pictorial repre-
sentation of re-
lated numerical
facts.

A circle graph‘ is used when we wish to show how
certain items or parts are related to a’WHOLE
situation.

’I'l*ierefore, in almost all cases, we would use a2ircle

graph to show how certain items or parts are related

toa situation, f

whole”

Example: ’
There are 24 mechanics assigngd to a Squadron.

A .
Six are reading TO's, 12 are performing inspections,
four are assigned to.a special job, and two are on leave,
In the above example, the WHOLE situation or total

is represented by the mechanics,

24

The 6 men reading TOs, the 12 performing inspections,
the 4 assigned to a special task, and thg 2 on’leave are

all considered as of the whole situation.
’

4

FERIC
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9. We've determined that the 24 mechanics are the whole
situation, and the 6, 12, 4, and 2 are the parts of
the whole situation. We can now represent these
parts as fractions, which would be: ——= - —

~ 24 24 24 24
K]
" 10. To determine the angles to be used in constructing a
circle gréph, we multiply each of these fractions
by 360°, cancelling where applicable. (360o = a
whole circle, )
1 o 900 o o
Example: £ 3607 1 360 1,507 307, 90°
24 1 4 1 1 1 1
4 1
What are the angles for the fractions below? (Use
provided scratch paper to work problems.)
12 360° _ _ -
B0 = =
24 1
4 360° _
— % =
24 1 ?
2 360°
SRR 1L
24 1
o o o o
11. All 4 angles; therefore, are: 90, 180 , 60 , and 30 .

We can now draw a circle graph, using the above angles
to show the parts of the whole. The six men reading TOs|
equal 909; the twelve men performing inspection equal
180°; the four men assigned to a.special job equal 60°;
and the two men on leave equal 30°.

Example: :

The above graph would be labeled with the appropriate
number of MEN and their JOBS. " Label each portion
correctly. 5




O
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12 INSPECTING

4
SPECIAL JOB

12,

Remember, w¢ use, a circle graph when we want to show
how certain items or parts are related to a whole
situation.

t 4

The first step was to determine the whole situation.

In this case, the 24 mechanics ware the

situation.

whole

13.

The second step was to determine the parts of the whole.
In this case, the 6, 12, 4, and 2 men were considered

as the _ ' .

parts of the
whole

14,

. The third step was to write these parts (6, 12, 4, and 2

men) of the whole and E}ie whole amount (24 men) each

e

’

as a fraction.

These individual fractions were:

a/24, 12/24

4/24, 2/24

?

15,

The fourth step was to multiply each of these fractions
by 360°, This was to determine the angles to Le used
in constfucting the circle graph, -

Example: 6/24 x 360°/1

The 'other three fractions set up for multiplication

were: L

AN
i
}




12/24 x 3u0/1
4/24 x 3u0/1
2/24 x 360/1

-1 1o,

After multiplying each fraction b.y 360°, we obtained t'he
answers 90°, 180°, ©0°, and 30° respectively, ‘%
After all the computations had been made we proceeded ’
to construct a circle graph. The information to be used
was: 4 men equalqd v0°%; 12 men equaled 180°% v men

equaled 90°; ahd the 2 men on leave equaled 30°,
b 4 special jobs :

y
b
Complete the above circle graph, draw in the
segments indicating the amount of degrees, and lavel
each segment c'orrectly. (The angles do not have to

Le drawn exactly; the numbter of degrees written in

each segment must be correct,)

12 4 on
Special

Inspecting job

>
S

P

2 on Leave 6
Reading
TOs

17.

An easy way to prove that your computations are correct
is add all the sectors together; the sum should equal a
full circle or 360°,

Example: 180°

Therefore, as an added measure of proof, we would go
ahead and add all the sectors together and the sum total

should equal

th4




Construct a cirele graph, using the information below.

(The angles do not have to be drawn exactly; the number

of degrees written in each segment must be correct.)
Be sure to label each portion correctly with the number
of hours and the block, etc,

There are a total of 60 hoursh in a certain course. 25
hours are spent in Block I, 15 hours in Block II, 12 hourﬁ

in Block III, and 8 hours of TESTING.

(

19. We've learned thus far that a circle graph is used to
show how certain itex;xs or facts are related to a wl;ole
' - '
situation. A bar graph differs in that it és used to show
a series of related facts,
b ]
Example:
BLOCK .
TESTING 111
8 HOURS 12 HRSa

180°

BLOCK
1
25 HRa3.

BLOCK
I
15 HRS.,

Therefore, whenever you see a bar graph, you know

that it is showing a of related

facts.




“

series

20,

" Example:

In construction of a bar graph, we show comparison

by the DIFFERENT LENGTHS OF THE BARS.

In the above example, we know that A is greater
than Bqnd C, and B is greater than C by the

different .

lengths of the
bars

21,

In constructing a bar graph, all the bars should

be of equal widths,

Example:

' 4

Ajl®jcio

Rars A, B, C, and D are of equal .

widths

22,

The following data can be represented by a bar
graph: The upper air lab reports the maximum

altitudes obtained during the first four months

of this year as being 20, 23, 25, and 28 kilqmetefs

respectively, /
& L)
Example:
[ 1 l |
4 F M A \
A E A [ 4
N 3 R R

The four months go across the bottom of the graph,

aaxd the bars should be‘%f widths,

10




'

equal

23,

The altitude in kilometers is labeled in the “vertical, v

using any scale. (In this case, we used an interval of

ten, ) } 30

Example: ' 20
MAX,

@ ALT. 10

KMS. ‘
' I S B B §
J F M A
A E A P
N B R R

In the consfruction of this particular bar graph,

the altitude in kilometers is labeled in the
k>

, and the bars are df ' -

vertical
1 equal widths

———

24,

Combining these two bits of information (the 4

. months and the kilometers) we can now construct

our bar graph. In January, the maximum height was

20 kilometers. This is shown on the graph below.

Example: M 40
' A
Xt
30
A
L
T. 20
K
Moo
S'
0

~ JAN FEBMARAPR

Coniplete the graph, showing a maximum altitude for

February of 23 kms; March 25 kms; and April 28 kms.

&
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Answer to Frame 24 /f\\ﬂ 40 : ' 4/

JAN FEB MAR APR

] T 25, In constructing bar graphs, remember we can us/! any
scale desired for showing altitude, amountg, pe/ centage,

etc., and these are usually shown on the grapl'in T

“the . We also want ta re7Zmber that

! . the bars themselves are of /

vertical 26. Sheppard Air Force Base is concerned with all winds
equal widths coming out of the Northeast, Construct a bar graph
from the following information: 'In J'a/ﬁua:y, the winds
were from the Northeast 75% of the/time; in February,
50% of the time; in March, 60% of/the time; in April,
40% o(éhe time; and in May, 20/"/ of the time._

T 1T 117 1 171 1T 1P

| LB
]

U U 15 N U AT U U U O U T U0 I O Y N I I
T i rTrrirtrrfTtrrreyr
T WO T U T T T O T 0 O I A O N |
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Answer to Frame 26:

voots AT T T T 1

9% | -
80 — —
# 60 [ -
' 50 |- ]
k\ . - —
\' 40 f— "
/ 30 . \ 3
20 -
— i —
10 — R
/ o L1 1111 | | 1
JAN FEB MAR APR MAY
27. In construction of a LINE GRAPH, there are four parts
we must become familiar with: the ""horizontal axis, "
the "vertical axis,' the '""point of origin," and the
"'resultant."
vertical axis resultant - .
Example:
horizontal axis/
AN N
’ , - The four parts of a line graph we must have a basic
: &) .
knowledge of are the
. . and the . \"
G
A b -




horizontal axis
vertical axis
point of origin
resultant

(in any order)

4

A

28, " Horizontal axis
"X'" axis or abscissa (independeiit variable)

The horizontal axis which is shown above is commonly
referred to as the "X" axis or ébscissa{ab-‘sis'-a).
On any line graph you se8, you would know that the

horizontal axis is also known as the

or

"X'" axis or
abscissa

Horizontal axis °
X" axis or abscissa (independent variable)

29. Example:‘
The "X" axis or abscissa is also known as the
INDEPENDENT VARIABLE, which means that in the
construction of a line graph, any facts or numbers
placed along this line are completely in.dependent of

any other facts or numbers,

b

Thus far we've learned that the horizontal axis, on a

line graph, can also be called the

axis or , or an

[N ’ :
variable., All four names are interchangeable and all

apply to the same line,

llxll
abscissa
independent

J

—~

J —

30. In constructing a line grgph, the "X'" axis, the
abscissa, and the independent variable are 7

interchangeable with the term

axis.




horizontal 31, The horizontal axis, "X' axis, abscissa, and

‘ independent variable are all interchangeable terms

which could be applied to which of the lines below?

s

(Circle the correct answer.)

b, 32. Example:
“Y*" axis or ordinate
(dependent variable)

.

vertical axis
The vertical axis which is shown above is commonly

referred to as the "Y' axis, or ordinate,

On any line graph you see, you would know that the

vertical axis is also known as the

or .

12

O >

ERIC
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“Y" axis or 33. Example: : -
- ordinate i "Y' axis or ordinate s
{dependent variable)

vertical axis
The "Y'" axis or ordinate is also known as the

DEPENDENT VARIABLE, which rﬁeans that, in the
co;s)%ruction.oi‘a line graph, ar;y facts or nurﬁbers
placed aiong tﬁis line are d'epeng:leﬁt on other facts

. or numbers within the grap‘h.

Thus far, we've learned that the vertical axis on a

axis or

line graph can also be.called the
: . R

. ., 0ora > variable. All

four names are interchangeable and all apply to the

same line.

"y 34, In constructing a line graph, the "Y' axis, thé
ordinate
* dependent ordinate, and the dependent variable.are all
. interchangeable with the term _ axis.
vertical 35. The vertical axis, "Y' axis, ordinate, and dependent -

variable are all interchangeable terms which could be
applied to which of the lines below? (Circle the

correct answer.)

13
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36. Match the definitions in Column B to the correct term

N

in Column A,

Column A Column B

A. Horizontal a. "Y" axis
axis b. Ordinate
— — —— B. Vertical _C. Abscissa
axis d. " Dependent variable

“ e. Independent variable

f. ll}"ll axis

iy
ot
¥
bP

37. Example: Vertical axis, "Y'" axis, ordinate,
dependent variable

Point of

or gm

~ Horizontal axis, "X'" axis,
» " abscissa, independent variable

Thus far, we've discussed the horizontal axis and

the vertical axis, Where these two lines meet is
14

called the POINT OF ORIGIN, §

On any line graph, the point where the horizontal

axis and the vertical axis meet is known as the

M | .. -

T

point of origin

F'73
L

38, Example:

¢

On all line graphs, points that are up and to the
o -,
right of the point of origin are called positive

- forces.

» On all line graphs, any and all points that are up

and to the right' of the point of origin are called

" Point of * A c}s\ttixe \\N
' igi forces
, e AN

'El{lC | S
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positive
forces

Example: ’ s
Point of
origin

~

On all line graphs, points that are down and to‘

the left-of the poim‘o_f'origin are called

negative forces,

On all line grapl’(s. :Qny,,and

>

all points that are

down and to the left of the point of origin are

called

and all poihts

that are up and to the right of the point of origin

L] ’ .

are called

@

negative forces
positive forces

We've thus far said that on a line graph, all

positive forces are up and to the

and all negative forces are down and to the

x

8 ously’on the point of

Example:
Point of
origin

SRR \
MR

TEN

In a line graph, these positive forces and these

negative forces all act towa
“In othef words, the point of

3
Oor zZ€TOo,

" In a'line graph, thgrefore,

rd the point of origin. -
origin is a null point

at} forces act simultane-

15 .
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»

.

origin

“In a line graph, we've said the horizontal axis is

The vertical axis is known as the

also known as the axis, the___

3.
_variable,

or the
axis, the

or the ’ variable. ‘

"X'" abscissa
- independent
"Y" ordinate
dependent

We've also said on a line graph all points that are

up and to the right of the point of origin are

-

called ] A and all points

"

that are down and to the left of the point of origin

are called .

L A =

———— e

. positive forces 44, Also, all these forces act simultaneously on the
negative forces - ' :
point of ' 45, Match the definitions in Colf’xmn B to the correct
origin 1 ‘ o ) '
terms in Column A,
_ COLUMN A ' COLUMN B )
— e — A, Horizontal - a. Ordinate
axis b. X and Y axis intersect
e = — —B. Vertical c. "Y' axis
. axis d. Abscissa
— = — —C. Point of e. ‘Positive forces act
Origin_  ©®. on the
£, "X" axis
g. Dependent variable
(‘f' . h, Negative forces act
’ on the
i, Independent variable"
- j.  All forces act simul-
, taneously on the
L T
-~ ° . . e
o ﬁ ‘ X
J N * 16

A




g f.4. A 46.  The fourth term we must learn concerning line
¥ a.c. g B - | |
b.e.h.j. C graphs is the RESULTANT.

The resultant is a linear functipn or a straight

line connecting all related coordinates on a

line graph,

coordinates resultant In the line graph to,
\. the left, the 10 & 20,
Yy 60 — e — - 20 & 40, 30 & 60, are R
40 IR D ~~,  the related coordinates
' ' | of this graph., They
20 —-———— . y are all connected by a
: ' | straight line which is
0 L L. 1 alinear function of
O _ 10 20 30 the coordinates.
S On a line graph, the linear function or straight ’

line connecting all related coordinates of the

-

graph is called the__ .o
resultant 47, The resultant is therefdre known as a linear kgmc-
tion or straight line,)
. “ - Example: dependent ° Resultant
: ' variable (linear func-
it tion or
straight line) r

T

~

Independent variable

On any line graph, when you see the line labeled as

the resultant, we know that it is a

or a

«,




p

/nnea r functibn

straight line

48.

The resultant }rxust always be a straight line. It
proves that the related coordinates have been
plotted correctly. I the resultant has a bend or
a kink in it, that point on the line gr-aph has l;een
plotted incorrectiy.

v

Example: correct

-—— e -

incorrect

T
1
|
|

- - - —

To prove that the line graph is accurate, the

re‘sultant must always be a .

straight line

Q

49.

We could also say that the resultant is a line
which connects all reiated coordinates on a line
gral;'ah. . ~

. The 10 & 20, 20 & 40,
etc., are the related

coordinates on this
particular line graph.

Example:

[

On a line graph, therefore, the resultant is a line

&

-

which connects all & _

[y

and this resultant must always be a >

18

470 .
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related
coordinates

straight line

.

50. Remember, the resultant is also known as a linear

function or %traight line, and it connects related

coordinates on a-line graph. !

Whenever you see the term resultant as it is

.

applied to line graphs, you know that it can be

3

called a ' or

ld

, and that it connects

on a line graph.

ved

o

linear function

straight line

51. Match the definitions in Column B to those terms

which apply to it in Column A,

related o
coordinates COLUMN A COLUMN B
A, Horizontal| a, "Y" axis or ordinate
. axis b. Positive and negative
’ ” B. Vertical ~ forces act on the
, axis c. Linear function or a
C. Point of straight line
. . Origin d. "X" axis or abscissa™*
’ D. Resultant | e. Dependent variable
’ f. Line connecting relat-
ed coordinates
g. Independent variable
h. Where X and Y axis
‘;intersect.
D .
o .
A-d g 52. A line graph is used when we wish to show a set of
2 : : E . related facts. ) ¢ -
D-et Example:
46,0 e mm - = - -
_ M 34 5
; ! - B 23.0 .
H
11,5
0

}

10 20 %30 40

* ) Whenever you seé a line graph, you know that it is

showing a : : .

-~

»
.

19 . ) ,
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set of related
facts

~

33. Since most mathematical equations are statements of

""related facts,' we could setup a line graph that
would represent these mathematical equations.
The formula for converting Fahrenheit to Celsius is

&

a mathematical equdtion and it can be set up as a

¢ line graph becfuse it is a statement of

related facts

54. The first step in constructing a line ﬁ;aph is to

.

number of "X" axis, which is the independent

variable.

NOTE: As we've already learned,
the independent variable is set
‘up first bécause the numbers or
/ .facts on this line can be spaced
independently of any other infor-
mation on the.graph, Either of
» i the temperature scales could have

Example: 2

(4 T T
0 10 20 30° been placed along this axis.
« ... " CELSIUS '
nxn 55. The second step is to number the '"Y'" axis or dependent
independent /
variable . variable,
Example: NOTE: Using ready-made graphs
F loo as we'vé’'done here simplifies -
A 2 ) the process of spacing the
H 80 ’ numbers, If we were to start
R Zg from scratch, we would first
E 50 L have to compute the coordinates
N ‘3}8 - _ of thetwo scales to get the
H 20 _ proper spacing for the "Y' axis
E 18 Qwhich is dependent upon the "X
1 0 10 20 30 axis. 3 ' .
0 T CELSIUS . :

In constructing this line graph, the second step is to

number the axis -or

ﬁ
] » \

o

4

, R

I3




"y 56. To compute'the related coordinates of the line
dependent )
variable - graph, we must hiow use the formula for converting
, O >
Celsiusg to Fahrenheit, which is F=(Cx1.8) + 32,
' a2
The formula for converting Celsius to Fahrenheit is
. This formula is used to compute
g o
the : ' of this particular
line graph. 4‘ . . *
& ’
"i\\,\ . ) ' )
F=(Cx1,8)+ 32 57. Using the forznula F = (C x 1, 8) + 32, find the \
related st . J
coordinates equivalent Fahrenheit value of 10? Celsius.
i
: . )
The steps would be as follows:
F=(0x1.8)+32 |, :
@ = (18) + 32‘/This step simply involves rémoving
F =18 + 32 the parentheses. .
-  ‘"F=50°%c.
Thus, 10° Celsius is equal to 50° Fahrenheit. These
two values ar‘e the rlel;tgd coord&inates to be drawn on
the line graph. °
Find the equivalent Fahrenheit value of 20° Celsius,
F=(_x1.8)+32 4 -
F={(_)+32 - ’
Fz_ _+ 3i2‘./Remove the parentheses, ,
F = >
20 58. Using the formula F = (C x 1.8 + 32), find the
(36) .
36 equivalent Fahrenheit value of 30° Celsius. i
F = 68° ' o
4
- -
. ¥ ~.
"Answer __-

21 ¢
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59.

H= 0T 2 m0 T >
&
o

We've detefined that 10° C. equé.ls.50° F., 20°C.«
equals 68° F., and 30° C. equals 8§° F. These are
the related coordinates used for drawing tiig resultant,
Remember, thd resultant pib\'res whether we've com-
puted the coordinates correctly. .

Example: The coordinates for 10° C. equals 50° F.

have been plotted or the graph below.

100 - J

30 ' S
20 '
10 '

0 e i
/
0 loCE_LSLﬁg 30
Draw the coordinates on the above graph for

20°C. equdls 68° F. and 30° C. equals 8u° F.

0&
- o ;/Q,- ‘With the coordinates plotted on the graph,
A qg,nﬂﬂ dray the resultant. _ -
‘
F €100 \ Example:
o v
A 90 ———————] = F 100 7.
H 80 A N P E B EEETT
R 70 ===y H 80 -
E 60 R 70 b———t=—sm
N 50 " E 60 A
H 40 s N 50 Lo
E” 30 z H . 40
I 20 E 30 - !
T 10 I 1 20 F —
0 . & T 10 - -
. %0 107 20 30 0 3
' 0o 10 20" 30
CELSIUS ‘ \ X
CELSIUS “
Draw the resultant or linear function of
| ‘ . the related coordinates on the above graph. WL
Vi . .
"5
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F 190 B 61. As you have already learned, the resultant
A go TR R S
H 70 Fe—t=— < 1 must be a straight line. If it isn't, the ¢o-
R 40 2L _
E 50 £ - = . \ ordinates on the line graph are plotted incor-
N )zt enr— \
H 30 : ! : rectly,
1 1 v .
B0 r 1 . .
i 0 When construcling line graphs, the plotted re-
T o 10 20 30 - -
As you can s('eﬁé':‘;]!q'\se re sultant must be a ' .
sultant crosses the
vertical axis at 32° F.,
which of course equals
0° c.
straight line 62. The first step in constructing a line graph was
bl
i to place the facts or numbers (in this case,
the Celsius temperatures) along the horizontal
9
axis, which is the axis or
variable. ’ ;
'IXOI
independent 63, The second step was to place the second set of
* facts or numbers (Fahrenheit témperatures)
Y
alor‘xg the vertical axis or .axis, which is
the variable.
Y 64. The third step was to determine the equivalent
dependent ) N
@ " Fahrenheit temperature for each Celsius tempera-
. ture to obtain.the related coordinates, using a
. . given formula, which as we said is a methema-
/ -
! tical equation. As we'Se thus far said, the third
. step is to obtain flhe related ,
. using a given formula which is a
J L.
. ~
N a
: 23 .
2 o K 4 7J S @

426
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coordinates 5, The fourth step is to prove the related co- 1 a
mathematical .
equation ordinates are accurate by drawing the resultant,
and we said this resultant must be a
>

straight line

—

L

Using the formula: MPH = 1,15 x KNOTS, construct a line graph converting

KNOTS to .MPH, ranging from 0 to 60 knots, at 20-knot intervals, i.e,, 0,

20, 40, and 60 knots.

s g
DRAW IN RELATED COORDINATES and the RESULTANT.
- 80

L -
70 |- —
o : -
00 - - S
M 50 _'— -:
. P 10 I
20 SN J
P —
W E E
. E
0 20 40 60
- KNOTS
A\ 4
2 : —
ANSWER .
80
70 L i
IR N SR G
60 | / =
' 50 f— —
M S
P 40 o B
H [~ [
30 p— -
b0 Fo == oA l ] .
' - '3 - ’
10— las -~
s i -
66 & 40 60
' KNOTS
;
\\‘,,':'
L _
. B 24* ’
471
r}’?"’
@
- et : — .
“q‘r : .
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REVIEW TEST

Write the definition of a graph,

¢

Construct a circle graph using the following information: The motor pool has a

total of 50 taxies. 15 are 1965 half-ton trucks; 5 are new half-ton trucks; 20 are

four-door sedans, and 10 are station wagons. Indicate in each portion of the graoh
the type of taxi it represents and the amount of 